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ABSTRACT 
Sustainability has been an issue receiving growing attention in the past decade and the 
construction sector has not escaped notice.  There has been a response at both the Government 
and industry level, to the agenda; with agreement that the industry must address sustainability 
by acting to minimise its impacts on both the environment and society.  While much focus has 
been placed on how to minimise these impacts in the building sector, far less attention has 
been given to the infrastructure sector.  Again while attention has been given to the 
construction process and acknowledging the potential for maximising impact reduction at the 
design stage, the focus given to the relationship between sustainability and consultant 
engineers has been limited. 
 
This research sets out to understand the influences affecting sustainability in a 
multidisciplinary engineering consultancy, with an emphasis on the environment and the 
design stage.  Utilising a selection of research methods (i.e. case studies, archival analysis, 
interviews, causal loops and questionnaires) an understanding was developed illustrating the 
influence that clients, strategic and operational organisational issues, policy and engineers 
knowledge, have on implementing sustainability. Relating the research to the existing 
literature, it was possible to propose a number of interventions to promote the integration of 
sustainability within a consultancy. 
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PREFACE 
The research presented within this thesis represents the findings of four years work 
undertaking an Engineering Doctorate (EngD) at the Centre for Innovative and Collaborative 
Engineering (CICE) at Loughborough University, UK.  As required by the EngD, the research 
was undertaken in an industrial setting, sponsored by Jacobs Engineering, a multi disciplinary 
consultancy.  
 
The research is supported by three journal papers found in Appendix F - Appendix H, which 
supplement the research presented in the thesis.  They also act to fulfil the requirement of the 
EngD to publish three papers (at least one in a Journal).  The main discourse describes the 
work to understand the influences affecting sustainability in a engineering consultancy before 
making recommendation to this industrial problem presented by the sponsoring organisation. 
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1 BACKGROUND TO THE RESEARCH 
This chapter introduces the research conducted from 2007 until 2011, as part of the 
Engineering Doctorate (EngD) undertaken at the Centre for Innovation and Collaborative 
Engineering (CICE), Loughborough.  The chapter sets out the general domain and 
justification for the research before introducing the sponsoring organisation and concluding 
with an outline of the aim and objectives. 
1.1 THE GENERAL SUBJECT DOMAIN 
Sustainable development has been on the political horizon for twenty years but only in the last 
decade has it begun to be enshrined in our political system. Sustainability is generally 
considered to involve the protection of our environment and resources while ensuring 
economic equity and social inclusion.  
 
The construction industry is one of the largest sectors in the UK providing work for 2.1 
million people, generating nearly 10% of GDP.  Throughout its construction, operation and 
maintenance the built environment contributes nearly 50% of all carbon emissions, 33% of 
landfill waste, and 13% of raw materials and consumes 50% of water (DTI, 2006 and BERR, 
2007).  These figures clearly show the reason why the sector needs to be a leader in 
embracing sustainability to minimise its detrimental impact on the planet and mitigate 
negative impacts on future generations.  
 
Whilst much progress has been made in some areas, building design, waste and procurement 
there is still much room for improvement; Civil Engineering, consultancy and the delivery of 
infrastructure is one of the areas where little direct attention seems to have been made. 
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Civil Engineering involves the delivery of key transport infrastructure, utilities, and services 
without which it would be difficult to imagine the modern world.  Therefore it essential that 
engineers are aware of the principles behind sustainable development and the ways in which 
they can help in its delivery to guarantee a more secure future for all.  The focus has 
predominantly been on introducing student engineers to sustainability, with a less concerted 
effort to understand the influences on engineers in practice and the organisations in which 
they work along with how it might be possible to most effectively influence the consideration 
of sustainability. 
 
This growing emphasis on sustainability has led to a number of clients and organisations 
requesting the consideration of sustainability within their projects, to varying degrees.  It is 
this market shift and realisation that it is unlikely to go away, that led the industrial sponsor to 
identify the problem of engineers engaging with the issue and wishing to know how engineers 
were being influenced at both the project and the organisational level. 
 
1.2 THE INDUSTRIAL SPONSOR 
Multinational engineering consultancy Jacobs Engineering has around 60,000 employees 
worldwide of which around 7000 are UK based.  The business operates as several distinct 
companies within the UK and it is Jacobs Engineering in which the Research Engineer (RE) 
has been placed.  The organisation employs a variety of professions including architects, 
engineers, scientists, surveyors, project managers and environmentalists, working on schemes 
as diverse as nuclear power, major rail and highway infrastructure, structural design, site 
remediation and strategic regional planning.  While the RE was originally based within, an 
infrastructure based design team, the research was concluded based within the sustainability 
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consultancy, this was due to a combination of organisational restructuring and market 
changes, and these are discussed in more detail in Chapter 4. 
1.3 AIM AND OBJECTIVES 
The aim of this research was to understand the multiple influences on the consideration of 
sustainability within an engineering consultancy and how these affect engagement with 
sustainability, its adoption and practices, with specific reference to the project delivery 
process. 
 
While the project originally began with a significant emphasis on the design stage and 
infrastructure design, as the project progressed, it became clear that a broader scope should be 
considered, with a wider focus on engineers in the sponsoring organisation in general.  It also 
became clear that an emphasis on organisational issues was essential. 
 
To support the delivery of the project aim, a number of objectives were derived and reviewed 
as the work progressed to ensure successful delivery of the research that met the desired aim.  
The objectives that were developed to deliver the research were to: 
• Identify what is sustainable development in a wider context and evaluate how it is 
currently understood and implemented within the consultancy. 
• Evaluate the environmental impact of ‘typical’ infrastructure projects and the 
influences on their environmental performance. 
• Identify the drivers and benefits of implementing changes to realise greater adoption 
of sustainability within an engineering consultancy organisation and evaluate the level 
of implementation. 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
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•  Synthesise the findings to recommend practices that will encourage greater 
engagement with sustainability to encourage its incorporation into the project delivery 
process. 
 
Overall Aim: 
The aim of this research was to understand the multiple influences on the consideration of sustainability within an 
engineering consultancy and how these affect engagement with sustainability, its adoption and practices, with specific 
reference to the project delivery process. 
 Research 
Objective 
Work 
Package  
Research Tasks  Research Method Outputs 
1. Identify what is 
sustainable 
development in a 
wider context and 
evaluate how it is 
currently 
understood and 
implemented 
within the 
consultancy. 
WPOB11 Review the principles of sustainable development 
and sustainability.  (Section 2.1) 
 
 
Literature Review, 
Observation see 
3.4.1, 2.1 and 4.2 Paper 1 
 
Internal Report 
WPOB12 
Identify how the principles of sustainable 
development apply to the built environment 
(Section 2.1.1) 
WPOB13 Identify how these principles are currently 
understood by staff.  (Section 4.2) 
2. 
Evaluate the 
environmental 
impact of ‘typical’ 
infrastructure 
projects and the 
influences on their 
environmental 
performance. 
WPOB21 
Identify areas of development that impact 
negatively on the environment and climate 
change (Section 2.1.1, Paper 1 and Paper 2) 
 
Case studies see 
3.4.3 
 
Literature review see 
3.4.1 and 2.2 
 
Observation see 
3.4.6 
CEEQUAL 3.4.4 
 
Internal Presentation WPOB22 
Identify key tools and techniques currently used 
to measure this impact (Paper 1 and Paper 2) 
WPOB23 Understand options available to mitigate these impacts (Paper 2) 
WPOB24 
Examine Jacobs case studies and evaluate their 
potential impact (Section 4.3) 
Paper 2 
 
Internal Report Explore how these case studies have been 
influenced regarding sustainability (Paper 1, 
Paper 2 and 5.3) 
3. Identify the 
drivers and 
benefits of 
implementing 
changes to realise 
greater adoption of 
sustainability 
within an 
engineering 
consultancy 
organisation and 
evaluate the level 
of implementation 
WPOB31 Gauge the infrastructure clients requirements for 
sustainability (Section 4.5) Archival analysis 
see 3.4.5 
 
Interviews see 
3.4.2.2 
 
Observation see 
3.4.6 
Paper 3 
 
Internal Report 
WPOB32 Compare Jacobs performance to the competition 
and sector.(Section 4.4 and Paper 3) 
WPOB33 Explore the organisational benefits of 
sustainability (Section 2.2 and Paper 3) 
4. 
 
Synthesise the 
findings to 
recommend 
practices that will 
encourage greater 
engagement with 
sustainability to 
promote its 
incorporation into 
the project 
delivery process 
WPOB41 Identify current levels of awareness to 
sustainability within Jacobs (Section 4.2) 
Surveys see 3.4.2 
 
Literature Review 
see 3.4.1 and 2.3 
 
Observation see 
3.4.6 
 
Causal loop 
diagrams 3.4.7 
Internal 
WPOB42 Establish gaps in awareness and key issues to be 
addressed (Section 4.2 and 4.3) 
WPOB43 Collate information gathered  
Thesis 
 
Internal Report 
WPOB44 Synthesise findings and make recommendations (Section 5.3). 
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2 SUSTAINABILITY & CORPORATE 
RESPONSIBILITY IN THE CONSTRUCTION 
INDUSTRY 
Sustainability is a term that is now used, heard and promoted daily in a variety of different 
contexts.  It is not used consistently though and often the ideas promoted could be seen to be 
in conflict.  A simple search reveals a wealth of information on the subject and it is easy to 
understand how an engineer could become confused when trying to understand and consider 
the relevance of the term to their work.  This chapter seeks to provide a clear overview of the 
topic, its relevance to the construction industry and key themes.  It begins with an overview of 
the general concept of sustainability and its application to the construction industry before 
looking at sustainable business and corporate responsibility (CR), with the final section 
reviewing the current methods for increasing awareness of sustainability.  These topics 
provided the foundation that the research was built on and set the scene and context in which 
it was undertaken. 
2.1 SUSTAINABLE DEVELOPMENT AND THE CONSTRUCTION 
INDUSTRY  
Sustainability is a term that is used widely and interchangeably throughout all sectors and has 
any number of meanings to the individual or group depending upon context and 
understanding (Adejunti, 2006).  Its ambiguity becomes apparent when it is understood to 
have anywhere from 200 - 500+ definitions (Parkin et al., 2003; Shah, 2007). 
 
However there is one widely adopted definition that is seen as the benchmark for what 
sustainability should stand for and that is Brundtland’s definition, according to which 
sustainability is a “…development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs” (WCED, 1987).  What has come to 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
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be known as the Brundtland Report set out to identify long-term environmental strategies for 
2000 and beyond.  This report set out the significance of environmental protection and the 
social importance of not denying other citizens and future generations what they require to 
fulfil their needs. 
 
These underlying principles have been built upon and adapted in several notable models that 
have split out the idea of sustainable development into three areas: environmental protection, 
social equity and economic prosperity (the triple bottom line).  The most notable was 
Elkington’s (1994) which attempted to look not just at potential economic gains but also at 
positive or negative social and environmental impacts which actions may have, emphasising 
the importance of corporate social responsibility.  This triple bottom line underlines most 
present forms of corporate social responsibility and full cost accounting but is not without its 
critics (Henrique and Richardson, 2004; Norman and MacDonald, 2004).  While this and 
similar models (Figure 2-1) also referred to as the “three pillars” place equal emphasis on 
balancing all three components for sustainable development to be successful (Annandale et al, 
2004 and ICE, 2007) another model (Figure 2-2) has been developed often referred to as the 
“Russian Doll” model, which frames economic and social considerations within the greater 
concern of protecting the environment (Rydin, 2003 and ICE, 2007). 
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Figure 2-1 Conventional 'Three Pillars' Model (ICE 2007) 
 
 
Figure 2-2 'Russian Doll' Model (ICE 2007) 
 
Sustainable development is the term that has grown out of Brundtland’s definition and is now 
seen as the only acceptable course on which we can progress if we are not to cause 
irreversible damage to the world in which we live (DETR, 1999).   
 
The Brundtland Report triggered a number of actions, most notably the Rio Earth Summit 
five years after the initial report.  The UN Assembly with the aim to review what progress 
was being made towards sustainable development, called the Summit.  It wanted to build on 
Brundtland findings, agree Treaties on biodiversity, climate change and forest management 
(Buchdale and Hare, 2000).  While it did achieve progress on all of these, the most important 
output was Agenda 21 (UNCED, 1992).  Agenda 21 is a comprehensive blueprint for 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
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sustainable development and intended to engage all Governments, regional/ local authorities 
and businesses, and monitor their progress; it includes over 2,500 items for possible 
consideration. 
 
Agenda 21 spurred a number of countries including the UK into producing strategies on how 
to ensure sustainable development.  The UK’s first strategy was the 1994 (DOE) “Sustainable 
development: The UK Strategy” which built upon the 1990 (DOE) White Paper “This 
Common Inheritance” which set out the Government’s general principles, objectives and 
approach to environmental issues.  The Strategy has been continually updated and the current 
version, “Securing the Future: delivering the UK sustainable development strategy” published 
in 2005 (DETR), sets out four priority areas: 
 
• Sustainable Consumption and Production 
• Climate Change and Energy 
• Natural Resource Protection and Environmental Enhancement 
• Sustainable Communities 
 
The report also identifies five principles, which must be satisfied for a policy to contribute to 
sustainable development and be successful.  These are shown in Figure 2-3.  The 2005 
strategy aims to fit in with the aims of the EU on sustainable development and outlines 
international commitments (DTI, 2006).  
 
The strategy also aims to engage communities at the local level through Local Agenda 21 
(UNCED, 1992), in which each local authority in the UK was asked to draw up a list of 
actions through community consultation by the year 2000 (Sustainable Development, 2008), 
 Sustainability & corporate responsibility in the construction industry  
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91% met that target (DEFRA, 2006).  Around two thirds of the 2500 actions listed in Agenda 
21 actually relate to the local level, as this was seen as where it is possible to make the 
greatest difference to people (Buchdale and Hare, 2000). 
 
Figure 2-3 UK Principles for Sustainable Development (DETR, 2005) 
 
Sustainable development has produced a variety of subsets such as sustainable building, 
sustainable construction, sustainable procurement, sustainable business and corporate social 
responsibility, etc. (Adejunti, 2006) which the Government uses to help address specific 
sector needs and requirements to progress its sustainable development agenda and split 
responsibility for their implementation between departments. 
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2.1.1 SUSTAINABLE CONSTRUCTION 
 
Construction is recognised as being of major importance to the successful delivery of the UK 
sustainable development agenda and this was set out in “Building a better quality of life – a 
strategy for more sustainable construction” (DETR, 2000).  Looking at the four priority areas 
for the UK Government set out in “Securing the Future: delivering the UK sustainable 
development strategy” 2005 (see Section 2.1); it becomes apparent that the construction 
industry influences all of these areas, as well as being influenced by each of these agendas.  
The strategy also includes 68 indicators which cover a large number of matters relevant to 
construction, such as CO2 emissions from industry, aggregate extraction, water resource use, 
waste created by construction and demolition, land use, productivity and road freight to name 
a few (DTI, 2006).  Although the Government has been looking at ways to address 
sustainable development since the early 1990’s, it is only since 2000 that the Government has 
turned its attention to the construction industry (Rydin, 2006).  This is discussed further in 
Appendix F Paper 1, where the 2008 BERR ‘Strategy for Sustainable Construction’ is 
highlighted as a key government policy document bringing together wider sustainability 
policy and strategy to focus on the construction industry “to provide a catalyst to achieve a 
step change in sustainability of the procurement, design, construction and operation of all 
built assets”  
 
There are a number of definitions of what constitutes sustainable construction but one that is 
most often used to define the issue is “the creation and operation of a healthy built 
environment based on ecological principles and resource efficiency” (Kibert, 1994) which 
was used at the first International Conference on Sustainable Construction.  Though this 
definition and many others (Kibert, 2007) struggle to grapple with the scale and fuzzy 
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boundaries of the sector which can range from material extraction, product manufacture, 
transportation, demolition, building services as well as design and even urban planning 
(Kibert 2007, Rydin 2006).  There are also issues across a broad spectrum, i.e. water 
consumption, pollution, emissions and biodiversity to secure buildings, inclusiveness and 
affordability.  It is no wonder with such a broad range of issues and vastness of the sector that 
it has been hard to define the overarching issue, but Rydin (2006) maintains that this has not 
limited the advance of progression in the industry.  
 
The majority of definitions of sustainable construction focus on environmental aspects 
(Adejunti 2006) which is good if the model of the “Russian doll” is to be followed, but it fails 
to capture the more holistic nature, more commonly subscribed to by the triple bottom line.  
Adejunti (2006) believes that this is better captured by the UK Government’s definition, 
“sustainable construction comprises many processes through which a profitable and 
competitive industry delivers built assets to enhance quality of life and stakeholder 
satisfaction” (Raynsford, 2000, pp.16). 
 
Further to the idea of making construction more economically rewarding while minimising 
environmental impact and enhancing social equity (Kibert, 2007), is the concept that 
sustainable construction does not just involve the actual construction process but also the pre-
construction (planning and urban design) and post construction (maintenance, operation and 
deconstruction) which is a cross cutting agenda (Hill and Bowen 1997, Rydin 2006, Shah 
2007).  This has been described as “cradle to grave” and is seen as an essential principle (Hill 
and Bowen, 1996, citing Wyatt ,1994). 
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Reviewing the literature, such as Hill and Bowen (1997), Parkin et al (2003), Adejunti (2006), 
Pearce (2006), Rydin (2006), Kibert (2007), the Government agenda, e.g. BERR (2007), DTI 
(2006) and CEEQUAL (2008) there is the formation of a consensus on what sustainable 
construction should involve both in terms of its place within a greater sustainable 
development agenda and within industry.  The key themes can be seen in Table 2-1: 
Table 2-1 Key sustainable construction themes (synthesised from Hill and Bowen (1997), Parkin et al 
(2003), Adejunti (2006), Pearce (2006), Rydin (2006), Kibert (2007),BERR (2007), DTI (2006) ) 
Social Economic Environmental 
Health and Safety 
Communities 
Skills 
Stakeholder Satisfaction 
Inclusiveness 
Procurement 
Supply Chain 
Profitability 
Competitiveness 
Growth 
Resource consumption 
Energy Efficiency 
Waste 
Climate Change 
Water consumption 
Biodiversity and Habitat 
Land use 
 
These key themes match the targets and issues tackled in the CIB ‘Agenda 21 on Sustainable 
Construction’ (1999) which provided a link between overarching sustainable development 
agendas and those already existing specific to the sector.  It aimed to provide a document that 
defined key sustainability issues for future research and development works.  These 
definitions and agreed upon issues have been picked up by environmental assessment 
schemes such as the Civil Engineering Environmental Quality Award and Assessment 
Method (CEEQUAL) (www.ceequal.com) which is widely recognised as being the only 
definitive tool for the assessment of environmental impact due to infrastructure works 
(Levett-Therivell 2004; PETUS 2006; DTI 2005; PERSI 2005) and was developed in the UK 
to recognise schemes that go beyond legal requirements utilising good practice in civil 
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engineering works (PETUS, 2006, Willetts, 2010b). A more detailed explanation of 
CEEQUAL and its application to civil engineering schemes can be found in Paper 2 in the 
appendix. 
2.1.2 SUMMARY 
This section has reviewed the concept of sustainable development and how it has been 
mainstreamed in policy.  Its adaption to the construction industry has been considered and 
common trends and issues for consideration identified.  This review provides a foundation for 
all future work in the EngD and heavily informs Objective 1. 
2.2 SUSTAINABLE BUSINESS & CORPORATE 
RESPONSIBILITY  
Corporate Social Responsibility (CSR) has been the focus of increased attention in the 
management literature (Porter and Kramer, 2006; Kolter and Lee, 2005; Orlitzky et al, 2003, 
Carrol, 1991) and a growing following within the corporate world.  Corporations are 
increasingly being held responsible for the impacts they make on the societies in which they 
operate (Hartman et al, 2007), but there is also recognition of the benefits that corporate 
responsibility can bring.  Frynas (2009) cites a McKinsey survey (Bielak et al, 2007) showing 
that 95% of CEO’s believe that society has greater sustainability expectations on them than 
five years ago and over half believe these expectations will be significantly greater in another 
five years, particularly regarding public responsibilities. 
 
The terms corporate responsibility (CR), corporate social responsibility (CSR) and corporate 
sustainability (CS) are all used across the broad scope of literature; their use is well defined in 
academic sources, whereas management literature and general publications tend to use the 
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terms interchangeably.  Montiel (2008) suggests that while they may come from different 
origins (with articles on CSR being published since the 1970’s, CS not being published until 
the 1990’s and CR a more recent interpretation of CSR with the intent to shift the focus 
beyond social issues), they are merging topics with significant areas of overlap, especially 
within their implementation in the corporate world.  While CSR may have grown out of 
dialogue over the role of the company versus Government in issues such as employee welfare 
or health and safety, before moving on to consider specific environmental issues.  CSR has 
now moved on from simple philanthropic giving to being the basis for responsible decision 
making throughout an organisation’s structure and alignment with its business strategy (Zollo, 
2008).  Szekely and Knirsch (2005) believe that pursuing sustainability for business involves 
the implementation of more ethical business practices, attending to the needs of stakeholders 
and sustaining and expanding economic growth, whilst also minimising impacts on the 
environment and societies in which operate.  Corporate sustainability has been defined as “the 
adoption of business strategies and activities that meet the needs of the enterprise and its 
stakeholders today while protecting, sustaining and enhancing the human and natural 
resources that will be needed in the future” (IISD et al., 1992, pp. 7).  Their difference in 
practice is negligible.  From this point forwards the term CR shall be used to describe the 
implementation of sustainability within an organisation. 
 
There has also been a clear shift towards stakeholder value theory (Freeman, 1984; Reich, 
1998; Brown and Fraser, 2006) whereby organisations listen and adapt their businesses to the 
needs of internal, external and institutional stakeholders.  This helps companies identify a 
number of drivers for the adoption of more sustainable practices.  For example, Bansal and 
Roth (2000) considered motives for improving corporate environmental performance to be 
“increased legislation, stakeholder pressures, economic opportunities and ethical motives” 
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(citing work by Dillon & Fischer, 1992; Lampe, Ellis, & Drummond, 1991; Lawrence & 
Morell, 1995; Vredenburg & Westley, 1993; Winn, 1995). 
 
Smith and Shariz (2011) attempt to provide a systemic review of what elements make up a 
sustainable organisation and they identify issues relating to governance, leadership, business 
plans, measurement and reporting, culture, information systems and organisational learning.  
Similar work has been undertaken by Epstein (2008), Dunphy (2003) and Doppelt (2003) who 
all recognise that for an organisation to deliver sustainability, it has to be integrated fully 
within all aspects and levels of the organisation.  
 
A variety of standards and guidance are now emerging to help organisations tackle the issue 
of implementing sustainability within an organisation including BS8900 (British Standards 
Institution, 2006), ISO26000 (British Standards Institution, 2010) and the Global Reporting 
Initiative (2010) (GRI) among many others, which have emerged in the last five years.  It is 
worth noting that a number of authors do not see a sustainable organisation as definable by a 
specific end point but an ongoing process of learning and development (Smith, 2004; Senge 
and Carstedt, 2001; Fien 2002).  
 
A variety of business models and organisational change models now exist to show the process 
for integrating corporate sustainability.  However, these models are commonly based on a 
linear progression, depicting the change to sustainability in incremental steps, which may be 
an over-simplification or generalisation of practice (e.g. Dunphy et al, 2003; Doppelt, 2003; 
Epstein, 2008; Maon et al, 2010)   
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2.2.1 SUSTAINABLE CONSTRUCTION ORGANISATIONS 
A large body of work has been produced looking at the role of sustainability in the 
construction sector, but to date the majority of this focuses on the impact of buildings and 
materials (Paper 1).  At present, there is less emphasis on the efforts of individual 
organisations to address sustainability (through CR), despite the industry being classed as 
having a high impact across a broad range of issues such as emissions, waste, energy and 
water usage as well as its scale and size of the labour force.  This important gap in research 
was first recognised by Wilkinson et al (2004), but a much smaller body of work exists on the 
role of CR in the construction industry (e.g. Jones et al, 2010; Myers, 2005; Brown et al, 
2009; Murray and Dainty, 2009 and Petrovic-Lazarevic, 2004), and within this very little 
attention has been paid to the role of consultants, which is a clear gap into which this research 
fits. 
 
A review of CR reporting in the UK construction sector (Brown et al, 2009) identified the 
most commonly reported issues to be health and safety, energy and resources, carbon, supply 
chains and community, while Myers (2005) found that the industry was generally poorly 
engaged with the CR agenda despite its environmental and social impacts.  GRI (2008) also 
studied CR reporting in the global construction sector and again found the reporting in the 
sector was less developed than many other sectors with those leading in the construction 
sector being located in Japan, Australia and Europe.  The leading construction companies’ 
reports showed an emphasis on climate change issues and carbon, but a poor understanding of 
economic impacts.  
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SUMMARY 
This section has reviewed businesses adoption of sustainability and how it is addressed 
through the application of CR.  It has been found that CR represents one of the most common 
forms of business adaptation to the sustainability agenda (Montiel, 2008; Porter and Kramer, 
2006; Koltler and Lee, 2005; Orlitzky et al, 2003, Carrol, 1991) through its integration of 
environmental and social issues into the organisation through the adoption of informed 
management, reporting and policies as well as increasing dialogue with stakeholders around 
broader business issues.  It has looked at how the construction industry is addressing CR and 
it has found that research in this area is limited, with recognised gaps relating to engineering 
consultancies, along with gaps relating to communication and reporting trends; this has 
informed objective three and is a gap into which this research fits, being explored further in 
Section 4.4. 
2.3 CHANGE AND EDUCATION FOR SUSTAINABLE 
DEVELOPMENT  
There exists an emerging body of text looking at the integration of sustainability into the 
education of engineers, but it is dominated by articles documenting the inclusion of 
sustainability into the curriculum of courses run at higher education institutes in the US and 
Europe (Bielefeldt, 2011; Aurandt and Butler, 2011; Kastenhofer et al 2010; Kamp, 2006 and 
Fenner et al, 2005).  Far less attention has been paid to engineers already in practice, whose 
existing worldviews will dictate the present and influence future engineers coming into 
practice from these new curricula.  
 
While much progress has been made by professional bodies (such as the Royal Academy of 
Engineering and ICE in the UK as well as the ASCE and similar institutions internationally), 
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to include sustainability into achieving professional status through Codes of Ethics and 
Standards, less focus has been given to shifting the underlying worldviews of engineers.  
Beddoe et al. (2009) defines worldviews as “our perceptions of how the world works and 
what is possible, encompassing the relationship between society and the rest of nature, as well 
as what is desirable (the goals we pursue).  Our worldview is unstated, deeply felt and 
unquestioned.”  They go onto explain that the existing institutions and technologies that we 
use and develop are a product of our worldviews as well as acting to reinforce our 
worldviews, so working on worldviews is essential if a change in wider society is to be 
achieved.  The current work by professional institutions has focused on knowledge and 
competency campaigns, but it is understood that knowledge is not the only influence on 
behaviour change, with the past decades of informational campaigns on consumers and 
citizens proving their lack of effectiveness as standalone initiatives, with undesirable 
behaviours and actions still prevalent (Simmons and Volk, 2002; Stern, 2000; McKenzie-
Mohr, 2000; Leiserowitz et al, 2005).  As part of a broader approach though, knowledge 
improvement does play a critical role.  Murray and Cotgrave (2007) suggest that few 
professionals’ possess the understanding or appreciation to consider, deliver and reward 
actions that favour sustainability due to a lack of understanding of why sustainability is 
important.  Suggesting they will need guidance in these areas if they are to be able to deliver 
sustainability in the future.  Fien and Lopez Ospina (2004) highlighted the need for lifelong 
learning as an essential ingredient for capacity building to deliver a sustainable future as in 
reality very little of an engineer’s lifetime is spent in formal education, so it is essential that 
lifelong learning is adopted to help them learn to understand and develop the skills to deal 
with the issues posed by sustainability (Ballantyne and Packer, 2005). 
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It has been shown that there is a correlation between behaviour on anti social and anti 
environmental behaviour; with people who undertake anti social actions being of a worldview 
that finds anti-environmental actions acceptable (Corral-Verdugo et al., 2003; Opotow and 
Weiss, 2000).  Therefore, when talking about research regarding pro-environmental behaviour 
(for which there is a large body of research), it has been implied it is applicable to pro-social 
(with environmental behaviour regarded as a sub-set of social behaviour) and therefore pro-
sustainable behaviour (still an emerging area, with far less published research) (Torgler et al., 
2009; Bamberg and Moser, 2007). 
2.3.1 BEHAVIOUR CHANGE 
To help understand how to provide guidance and the level of change in understanding 
required to introduce sustainability in the thought process of engineers, it is important to 
consider what influences people’s behaviours.  A large body of work exists in the field of 
psychology looking at what influences and drives people’s behaviours and within this is a 
notable body of research looking at pro-environmental and conservation behaviour.  This was 
reviewed by Heimlich and Ardoin (2008) who highlighted that one of the most widely 
adopted theories in environmental education research was Ajzen’s (1991) Theory of Planned 
Behaviour.  The core of this Theory is that Actual Behaviour is driven by Behavioural 
Intention, which is influenced by three factors: 
• Attitudes, driven by beliefs and factual knowledge. 
• Subjective Norms, driven by more social issues such as an individual’s perception of 
the socially acceptable way to act. 
• Perceived Behavioural Control, driven by how easy or hard the individual believes an 
action is to carry out, informed by past experience and anticipated barriers.  
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This theory highlights that an individual’s behaviour is not driven purely by knowledge but 
also by beliefs, perceptions of barriers, past experience and social norms, which in the 
organisational context will include company culture.  The organisation represents an ideal 
place to institute behavioural change in employees, (in this case engineers), in that it has been 
shown that employees will conform to the behaviour they perceive desirable by their 
employer; it also has the infrastructure to guide and supervise such behaviours (Schwartz, 
1992; Katz and Kahn, 1978). 
 
2.3.2 CULTURAL CHANGE 
One of the most dominant definitions of organizational culture, is that developed by Schein 
(1990), that culture is a group of shared beliefs that have been developed over time through 
problem solving and are passed onto new employees as the appropriate way to view, act and 
think regarding those issues.  Schein identified three levels of organizational culture that 
were: 
• Artefacts, representing the readily observable, things such as the company history, 
dress code and documents, issues that are tangible, although not always easy to 
identify a cause for; 
• Values, in this case are the way in which it is hoped the culture will operate, often 
espoused by the CEO; 
• Assumptions, the hardest to quantify, include the underlying culture and worldviews 
of the organisation, which might not be in line with the company espoused version. 
Trevino (1986)  found that employee behaviour is driven by company culture and norms, that 
are both spoken and unspoken within the organisation, despite the fact they come to work 
with their own set of personal beliefs and values (Fry and Slocum, 2008).  
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Dunlap et al (2000) developed the New Ecological Paradigm Scale, which aimed to measure 
people’s level of environmental concern and has been used extensively in research.  Although 
research has been able to identify people’s level of environmental concern, it has been found 
(Olli et al, 2001; Maloney and Ward, 1975; Ostman and Parker, 1987) that people’s espoused 
level of concern does not always match their actions; this is because people like to behave in a 
socially acceptable way, overriding their own beliefs, this is known as “environmentally 
desirable responding” (Ewert and Galloway, 2004).  Again, this highlights the importance that 
the larger group plays on the actions of the individual.  
This can work both ways though, with individual behaviour influencing culture as suggested 
by Visser and Crane (2010) and intangibles such as values and attitudes playing an important 
role in delivering sustainability.  While the literature identifies a shift to include sustainability 
into engineering curricula, there has not been so much attention paid to the method of 
teaching to bring about maximum change in the individual, which it is now clear is needed to 
move from an anthropocentric to ecological worldview and develop knowledge and attitudes 
to influence behaviour, however there are exceptions, including Zhang et al (2008), Akili 
(2008), Apul and Philpott (2011) and Murray (2007) who have looked at shifting curriculums 
to focus on the human dimensions of real world problems and future constraints using active 
learning strategies, emphasising reflection, feedback and seeking to develop the students 
connection with the issues. Orr (1991) suggests that a new type of education will be required 
to deliver sustainability, so this education cannot be built on the thinking of the past that 
created the current situation (Frisk and Larson, 2011).  
2.3.3 EDUCATING FOR CHANGE 
One of the popular approaches adopted by these engineering based teaching programmes is 
Fink’s Taxomomy (see Figure 2-4).  This builds on Bloom’s Taxonomy, which according to 
Zhang et al (2008) is dominant in engineering education.  Fink’s Taxonomy introduces 
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elements of social and emotional development, which Zhang explains fits well with 
sustainability and engineering, by encouraging the inclusion of social and human dimensions 
into solutions.  
 
Figure 2-4 Fink's Taxonomy of significant learning (Fink, 2003) 
 
This inclusion of emotional issues is important, as emotional responses have been shown to 
have a strong influence on adjustment of values and beliefs, which has the potential to affect 
behaviour in the engineer.  The use of active learning techniques such as Fink’s in Civil 
Engineering have been highlighted as essential for sustainability by both Huntzinger (2007) 
and Mihelcic et al (2003) due to the open ended and trans-disciplinary nature of construction 
problems.  While Fink’s Taxonomy may be aimed at undergraduate learning, its additional 
elements of learning how to learn and connecting problems with human and social issues, is 
important and relevant for engineers in existing practice, especially in a fast moving field, 
such as sustainability.  Fink’s Taxonomy is not the only suggested method of implementing 
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education for sustainability, with Armstong (2011) providing a broad review, outside of 
implementation in the engineering curriculum, of various pedagogical approaches from the 
last decade and finds a number of similarities, looking at the learner’s place in the world, 
personal reflection, human interaction and problem solving based on real life scenarios as 
well as a broad knowledge of relevant issues.  Kastenhofer et al. (2010) recognises the need 
for engineers to feel, as well as know and learn, in their professional practice, which they 
suggest will best be brought about by reflection upon their past actions and the values 
underpinning them. 
 
Ford et al (2000) highlight the importance of the need for organisational as well as individual 
learning in bringing about a change in organisational culture, but highlight that engineering 
organisations and associated disciplines typically have a culture that hinders organisational 
learning.  Engineering cultures have been addressed by Schein (1991) who identifies them as 
based on an optimism in the ability of science and technology to deliver solutions to 
problems; while they recognize the human elements in the problems they attempt to solve, 
Schein suggests they show a preference to ‘design out’ humans to maximize the effectiveness 
of designs. 
2.3.4 SUMMARY 
This section has provided a brief review of the literature relating to behaviour towards 
environmental and social issues.  It has also looked at the influence of organisational culture 
on individuals’ behaviour and how the organisation and individual can change to embrace 
sustainability.  Methods of educating engineers for sustainability have also been identified 
and gaps found in the literature relating to fostering a change for sustainability in engineers, 
as well as engineering organisations; this has provided context for Objective 4 as well as the 
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work found in Sections 4.5 and 5.3, being used to highlight to the sponsoring organisation the 
context of the broader issues this project fits within but is not taken forwards as the main 
focus of the research, as these broad individual issues, behaviour, culture change and 
education change could represent research projects in themselves.  
2.4 REVIEW AND NEXT STEPS 
Sustainability embraces the concept of preserving environmental resources while promoting 
economic equity and social prosperity.  It should be adopted at both the strategic and 
operational level of an organisation.  Its importance is underwritten in national strategy and 
the various issues related to achieving sustainability have been identified.  There is consensus 
in the literature of the key themes that should be considered to deliver a holistic project, which 
cover broad environmental, social and economic issues, as seen in Table 2-1. 
 
Section 2.1.1 highlighted that the current emphasis for sustainable construction is related to 
knowledge and competencies for sustainability.  Given the findings of section 2.3 related to 
pro-environmental behaviour and education for sustainability, it can be seen there is a 
disconnect between the literature and policy.  The current policies and guidance are not 
adequate to influence engineers’ approach to sustainability related issues, with organisational 
culture, knowledge and perception playing a significant role in their approach to considering 
sustainability.  To bring about change, a significant readjustment in engineers’ worldviews 
and organisation cultures that support this readjustment will be needed, if a long-term change 
is to be attained. 
 
This section therefore has identified the areas in which the research will focus, to assist with 
understanding how sustainability influences and could be encouraged within infrastructure 
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design projects.  This section has contributed towards Objectives 1-3 in helping understand 
what sustainable development is and how it applies at the consultancy and design level 
through understanding both the benefits of considering organisational sustainability through 
CR as well as how these same environmental and social issues might be considered at the 
design level while identifying a lack of literature on the application of sustainability within 
engineering consultancies. 
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3 METHODOLOGY 
This chapter presents the research methodology that was adopted during the EngD.  An 
appropriate research methodology is essential to ensure that the research undertaken is robust, 
the results can be validated and research objectives satisfied (Steele 2000).  This chapter will 
begin by setting out the overarching strategy for the research, followed by the methodological 
considerations that had to be addressed in the work.  The justification for each chosen 
approach will be given, focusing on the specific methods that were utilised and why they 
were appropriate for this particular study.  The limitations associated with the study are 
discussed in a later chapter. 
3.1 OVERARCHING RESEARCH STRATEGY 
The aim of this research was to understand the multiple influences on the consideration of 
sustainability within an engineering consultancy and how these affect engagement with 
sustainability, its adoption and practices.  Although the research was to focus on engineers 
within the sponsoring organisation, it was essential to understand wider organisational issues 
as they influenced the engineer as well as broader industry-wide drivers and stimulus from 
other organisations.  Therefore, it was important to get involvement from managers in 
organisations external to the sponsoring company.  Consequently, it can be seen that the 
research is firmly within the applied research domain of business research with the aim of 
guiding decisions and informing process development.  Business research can be seen to fit 
within the social science fields (Bryman and Bell, 2003) and can be considered to be research 
which holds the objective to find the solutions to managerial problems and guide decisions 
though the use of systemic enquiry (Blumberg et al, 2005).  
 
The need for a systemic enquiry to understand the factors influencing the consideration of 
sustainability within a consultancy meant that the adopted methodology would require the use 
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of a broad range of research methods, dependent upon the context and requirements of the 
individual research packages.  A breakdown of the individual research packages and the 
adopted methodology can be seen in Table 3-1.  It details the overall methodology for the 
research with a breakdown of the objectives and research techniques used for each objective.  
The outputs for each work package are also shown, including internal reports and published 
papers.  It is worth noting that the research was not undertaken in a linear fashion as the table 
might suggest, rather a number of research work packages were undertaken in parallel.  In 
brief: 
• The first phase involved a literature review and surveys of staff in the sponsoring 
organisation to understand their involvement with sustainability.  (Objective 1) 
• The second phase used case studies to look at the performance of existing projects 
with regards to implementing sustainability and what influenced this performance.  
(Objective 2) 
• Phase three was informed by a shift in focus of the research due to changes in the 
research organisation and used archival analysis to look at how an organisation might 
adapt to sustainability and comparing adaption to sustainability with other design 
consultancies.  (Objective 3) 
• Phase four involved reviewing how clients were interacting with the sustainability 
agenda and incorporating it into their projects using interviews.  (Objective 3) 
• The final phase involved the synthesis of this information to identify the 
interrelatedness of these issues and supplementing existing literature to make 
recommendations for encouraging the adoption of sustainability within an 
infrastructure consultancy.  (Objective 4) 
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Table 3-1 An overview of the research work packages, objectives and outputs. 
 
 
Overall Aim: The aim of this research was to understand the multiple influences on the consideration of sustainability within an 
engineering consultancy and how these affect engagement with sustainability, its adoption and practices 
 Research 
Objective 
Work 
Package  
Research Tasks  Research Method Outputs 
1. Identify what is 
sustainable 
development in a 
wider context and 
evaluate how it is 
currently 
understood and 
implemented 
within the 
consultancy. 
WPOB11 Review the principles of sustainable development 
and sustainability.  (Section 2.1) 
 
 
Literature Review 
Observation see 
3.4.1 and 2.1, 4.2. Paper 1 
 
Internal Report 
WPOB12 
Identify how the principles of sustainable 
development apply to the built environment 
(Section 2.1.1) 
WPOB13 Identify how these principles are applied tin design  (Section 4.2) 
2. 
Evaluate the 
environmental 
impact of ‘typical’ 
infrastructure 
projects and the 
influences on their 
environmental 
performance. 
WPOB21 
Identify areas of development that impact 
negatively on the environment and climate 
change (Section 2.1.1, Paper 1 and Paper 2) 
 
Case studies see 
3.4.3 
 
Literature review see 
3.4.1 and 2.2 
 
Observation see 
3.4.6 
CEEQUAL 3.4.4 
 
Internal Presentation WPOB22 
Identify key tools and techniques currently used 
to measure this impact (Paper 1 and Paper 2) 
WPOB23 Understand options available to mitigate these impacts (Paper 2) 
WPOB24 
Examine Jacobs case studies and asses their 
potential impact (Section 4.3) 
Paper 2 
 
Internal Report Explore how these case studies have been 
influenced regarding sustainability (Paper 1, 
Paper 2 and 5.3) 
3. Identify the 
drivers and 
benefits of 
implementing 
changes to realise 
greater adoption of 
sustainability 
within an 
engineering 
consultancy 
organisation and 
evaluate the level 
of implementation. 
WPOB31 Gauge the infrastructure clients requirements for 
sustainability (Section 4.5) Archival analysis 
see 3.4.5 
 
Interviews see 
3.4.2.2 
 
Observation see 
3.4.6 
Paper 3 
 
Internal Report 
WPOB32 Compare Jacobs performance to the competition 
and sector.(Section 4.4 and Paper 3) 
WPOB33 Explore the organisational benefits of 
sustainability (Section 2.2 and Paper 3) 
4. 
 
Synthesise the 
findings to 
recommend 
practices that will 
encourage greater 
engagement with 
sustainability to 
promote its 
incorporation into 
the project 
delivery process 
WPOB41 Identify current levels of awareness to 
sustainability within Jacobs (Section 4.2) 
Surveys see 3.4.2 
 
Literature Review 
see 3.4.1 and 2.3 
 
Observation see 
3.4.6 
 
Causal loop 
diagrams 3.4.7 
Internal Report 
WPOB42 Establish gaps in awareness and key issues to be 
addressed (Section 4.2 and 4.3) 
WPOB43 Collate information gathered  
Thesis 
 
Internal Report 
WPOB44 Synthesise findings and make recommendations (Section 5.3). 
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3.2 QUANTITATIVE AND QUALITATIVE RESEARCH 
METHODS 
As previously mentioned, Bryman and Bell (2007) place business research within the context 
of the social sciences and they note that there are two distinct groups of research methods 
available in the social sciences and these can be described as quantitative and qualitative.  A 
combination of qualitative and quantitative methods was used in this research, this is not 
uncommon in areas including business research (Blumberg et al, 2005), and construction 
research where the combination of both methods can be seen as a benefit (Seymour and 
Rooke, 1995). 
 
Quantitative research is often considered ‘hard’ and can be defined as scientific techniques, 
allowing the collection of measurements and precise data collection that deliver quantified 
data.  This allows for the comparison of collected data with existing literature and theory 
(Fellows and Liu, 1997).  Surveys represent one of the most popular forms of quantitative 
research, while other methods include experiments and quasi experiments.  Quantitative 
research methods allow for easy repetition of the research with precise, accurate and 
objective data that can be manipulated through analytical and descriptive statistics (Burns, 
2000).  
 
Qualitative research, often described as ‘soft’, is concerned with comprehensive 
understanding of actions, individuals or groups, relations and observed behaviour (Patton, 
1992).  It looks to explore underlying patterns and reasons and can be split into attitudinal 
and exploratory research (Naoum 1998); qualitative studies tend to be ‘subjective’, dealing 
with smaller samples that do not need to be representative (Burns 2000).  The more popular 
methods of qualitative research methods include interviews, focus groups, direct observation, 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
engineering consultancy 
30 
action research, and case studies (Fellows and Liu, 1997).  These have the advantage of being 
able to gain a deep in-sight into a problem and generating large amounts of data from a small 
sample, giving a more complex understanding of a problem.  Qualitative research does not 
however provide the ease of repeatability and reliability found in quantitative methods and 
there is a potential for bias in analysis, due to a variety of external factors that can impact on 
the data collection (Fellows and Liu 1997, Burns 2000). 
 
Finally, it is possible to combine methods using multi-method research.  Multi method 
research can be used to apply more than a single method of research to the area under 
investigation (Bryman and Bell, 2007). 
3.3 RESEARCH (DATA COLLECTION) METHODS 
A variety of research methods are available and Yin (1994) outlines the five main methods 
available for research as being experiments, survey, archival analysis, history and case 
studies.  This is extended by Steele (2000) to include process modelling and action research.  
Table 3-2 describes the main methods, highlighting the focus the method has over 
contemporary or past events, the amount of control the researcher has, and most importantly, 
the type of research questions to which the methods are best suited. 
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Table 3-2 Commonly used research methods (Adapted from Steele, 2000) 
Method Research question Behavioural 
control? 
Suitable for 
current events 
Action Research: involves the intervention in a 
problem through collaboration between the 
researcher and those involved in the problem, 
allowing for both the creation of knowledge and 
an action to take place, followed by evaluation of 
the outcomes of the action (Bryman and Bell, 
2007) 
Who, what, why, 
how many, how 
much? 
Yes/No Yes 
Archival Analysis: this provides a cost efficient 
method of collecting and reviewing data.  It 
generally allows for a broad, but shallow review of 
a topic with the benefit of not requiring 
participation from the research subject (Yin, 
2003).  The use of content analysis allows the 
research to be replicable and gives it structure 
(Bryman and Bell, 2007). 
Who, what, why, 
where, how many, 
how much? 
No Yes/No 
Case study: Case studies are used when a 
contemporary phenomenon has yet to be 
investigated within the context under 
consideration (Yin, 2003).  While they have been 
criticised for drawing conclusions from a single 
case, this can be mitigated by examining the case 
within exact parameters or by using a number of 
cases to replicate the results and provide validity 
(Yin, 2003). 
Who, what, why, 
where, how many, 
how much? 
No Yes 
Experiment: allows for the examination of the 
results of manipulating a single variable in a 
controlled or observed environment (Fellow and 
Liu, 1994) 
Who, what, why, 
where, how many, 
how much? 
Yes Yes 
History: used when wishing to understand past 
events and does not allow for involvement in 
present or ongoing events as required by the EngD 
How, why? No No 
Literature review: This provides a method of 
reviewing and analysing existing theories and 
research in related literature (Moore, 2000; 
Fellows and Liu, 1997).  It therefore represents an 
essential starting point for any research project or 
work package that involves approaching a new 
subject domain. 
What, why, how 
many, how much? 
No No 
Modelling makes use of physical, conceptual or 
computer models, to simulate the scenario under 
investigation as well as allow for predictions to be 
made (Fellows and Liu, 1997) 
Who, what, how 
many, how much? 
No Yes/No 
Survey: Surveys involve the collection of data 
generally concerned with the way people behave 
and think, looking to identify causes and 
correlations.  They can vary from questionnaires to 
interviews and make use of both open-ended and 
closed-ended questions to collect information 
(Fellows and Liu, 1997).   
Who, what, why, 
where, how many, 
how much? 
No Yes 
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3.4 ADOPTED RESEARCH APPROACH 
Based on the research aim, objectives and type of information that was required for each 
phase, it was possible to select the appropriate strategies to adopt.  It was essential to gather 
data that was contemporary and diverse, allowing for a thorough understanding of the 
research problem.  Therefore, it was necessary to use strategies that covered a broad selection 
of forms of question types such as “who”, “what”, “how” and “why”.  To provide richness in 
the data collected and relevance to the sponsoring organisation, the methods of social survey, 
case study and archival analysis were chosen.  These are described below, together with 
specific commentaries on literature review, interviews, content analysis, causal loops and 
questionnaires. 
3.4.1 LITERATURE REVIEW 
A number of literature reviews were undertaken during the project.  An broad review of the 
literature was undertaken to assist with the formation and confirmation of the project’s aim, 
objectives and provided boundaries to the research.  It also allowed for the review of methods 
used previously in the subject area to inform the design of the research method and provided 
a baseline for comparison, as well as identifying any gaps in the existing knowledge.  The 
literature review was used to provide a foundation for phases one, three, four and five due to 
the shifting and changing contexts of the research; it was an on-going process, ensuring 
currency and continuously informing the project.  The findings of the literature reviews can 
be found summarised in Chapter 2 and 4.  The initial literature review was concerned with 
general issues relating to sustainability and its application to construction, design and 
infrastructure.  Later literature reviews looked at the application of sustainability within 
organisations, corporate social responsibility and the influences on individuals’ approaches to 
the environment and social issues.  Sources of literature were predominantly from academic 
sources, supplemented with information from industry publications and information produced 
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by the sponsoring organisation.  Finally, literature was used to identify tools and approaches 
that could be used to influence the consideration of sustainability during the synthesis of the 
research findings; this helped to identify key leverage points for recommending practices that 
will encourage greater engagement with sustainability to encourage its incorporation into the 
project delivery process 
3.4.2 SOCIAL SURVEY 
Social surveys provide a method for collecting data in a structured way and depending on 
context, can be implemented in a variety of ways, they represent one of the most widely used 
methods of data collection.  Surveys were used in a number of phases and formats during this 
project and the research instruments for these are outlined below. 
3.4.2.1 Questionnaire 
During phase one it was necessary to attain a broad understanding of a large sample of 
employees.  Reviewing the main advantages and disadvantages of the most common survey 
methods as highlighted by Blumberg et al. (2005) and taking into account the proposed 
geographical disbursement of participants as well as the potential size of the sample, it was 
felt that a self-administered questionnaire using electronic means was the most suitable 
method of research.  The online program ‘Surveymonkey’ was chosen as the supervisory 
team had some experience with it, it was cost effective and it had been used for previous 
surveys within Jacobs, so staff had some familiarity with the layout.  It also allowed 
questions to be structured in an appropriate format and the data analysed efficiently and 
reliably, as this process is automated. 
 
The questions were developed following guidance by Bryman and Bell (2007) and utilised a 
combination of factual statements, Likert Scales and open text boxes.  This allowed for the 
use of both open and closed questions.  Open questions allow respondents to reply naturally 
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and in more detail while the closed questions force the respondent to answer using an answer 
provided by the RE.  However, closed questions allow for easier analysis and comparison 
(Fellows and Liu, 2003). 
 
Two survey instruments were created, with the first being distributed via the UK Intranet 
through placement of a news article on the front page, with a short summary of the research 
as well as a link to the survey.  The initial preference was for delivery of a message and link 
to all staff via e-mail, but it was felt that the number of recent surveys and corporate e-mails 
that had been sent out to staff may have made them less responsive to yet another e-mail 
requesting help in a survey, so this was not acceptable to the sponsoring organisation.  
Therefore, the intranet option was carried forward with the article appearing on the intranet 
for more than two months.  It should be noted that the intranet is not used by all UK based 
staff and that the title of the article ‘Sustainability survey’ may have alienated a number of 
employees from reading further due to lack of interest, time constraints and not seeing 
relevance to themselves; so there is the potential for the results to be skewed towards a 
positive image of staff opinions by only those interested in the topic participating.  It was 
hoped to minimise this by highlighting the nature of the research in relation to the EngD, and 
an emphasis on anonymity being provided, in an attempt to minimise socially desirable 
responding (Brewerton & Millward, 2001). 
 
A questionnaire survey has the benefit of being cheap to administer and quick to develop and 
deploy, but unlike a personal interview, it does not allow for probing or interaction between 
the researcher and respondent, meaning opportunities for exploring further detail can be 
missed (Bryman and Bell, 2003).  So to maximize participation and following accepted good 
practice (Naoum, 1998), the two survey instruments were trialled on a pilot group to test the 
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questions and answers for clarity, suitability and format; the feedback then shaped the final 
versions that were used.  The surveys can be found in Appendix A and Appendix B and the 
findings are discussed in Section 4.2.  They were analysed using thematic analysis, broadly 
grouping findings into clusters.   
3.4.2.2 Interviews 
Interviews represent the second form of social survey that was used.  The interviews were 
semi-structured allowing for the capture of rich information focussing on specific issues 
identified from literature and previous research phases.  The alternative would have been 
structured or unstructured, these options were discounted as the RE did not want to restrict 
the interviewees to only a set number of answers that a structured interview would have 
required nor the total lack of structure that unstructured would have demanded, making for 
more difficult analysis.  Structured interviews can be thought of as a questionnaire delivered 
in person (Bryman, 2004).  The adoption of semi structured interviews allowed the key 
questions to be decided in advance, but allowing the interviewee to dictate the detail and 
direction of their answers.  The answers could then be prompted or probed by the RE. 
 
The interviews were carried out as part of phase four and involved face to face interviews in 
most cases, with one exception, which was discounted due to the poor results achieved by 
attempting to conduct the interview via email (at the participant’s request).  The participants 
were all key clients to the business unit the RE was based within, in the sponsoring 
organisation and each participant was in a suitable position to answer the intended questions.  
The sample was balanced to ensure a number of infrastructure areas were covered.  The 
interviews were all recorded, along with notes taken before being transcribed.  The hand-
written notes captured key points and allowed for cross-referencing with the recorded 
information.  The participants answered a combination of open questions and questions 
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guided by a template, based on findings from the literature (Maon et al, 2010; Bertel et al, 
2011).  The template gave a structure to the interview as well as grounding the findings 
within an existing body of knowledge for analysis and comparison.  It also allowed for 
capturing trends and key messages. 
3.4.3 CASE STUDIES 
Case studies were employed in phase two and three; here several construction/development 
projects that had been designed and led by the sponsoring organisation were assessed.  The 
purpose of this was to gain an insight into how well sustainability was being implemented, 
which areas were being addressed and identifying any barriers or enablers to the engineers in 
addressing sustainability.  The projects were assessed across twelve different categories, 
providing a broad and rich understanding of the projects, which was supplemented with 
unstructured interviews with the designers to add depth and richness to the findings.  The 
individual case studies were chosen for their representativeness of the unit of the sponsoring 
organisation being reviewed.  A wide selection of documents and evidence had to be 
reviewed, and as Yin (2003) notes, this is one of the strengths of case studies.  Case studies 
are of use as they allow analysis to be undertaken and generalisations drawn, as well as the 
ability to identify specific areas of interest within the context (Cassel and Symon, 1994).  It is 
the relation between context and phenomenon that is most often of interest to the researcher 
and it is the location of it within an organisation that is of interest in this study (Bryman, 
2003).  Hence, the case study method used was a multiple unit case study (Yin, 1994), 
allowing the replication of the case study to be undertaken over three schemes, for the 
comparison between findings to be undertaken and to identify if significant differences 
between client type and scheme type had an influence, while identifying general trends across 
all cases. 
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3.4.4 CEEQUAL 
The CEEQUAL methodology was applied to the case studies discussed in 3.4.3 and as 
outlined in Paper 2 in the Appendix.  CEEQUAL is an environmental best practice 
assessment and award scheme.  The scheme looks to promote best practice in environmental 
and more recently social performance of civil engineering schemes by assessing and 
benchmarking performance to reward schemes that go beyond legal compliance.  It is a credit 
based assessment method with twelve sections to be assessed against.  The twelve sections 
contain a total of 208 questions, which total 2000 points.  Each question provides an 
overview of why the questions are being asked and what is considered suitable evidence to 
satisfy the requirements of receiving the credits.  The scores for each credit are split out to 
represent the role of client, designer and contractor, so that each member is scored according 
to their relative potential to influence the credit.  The questions vary from simply scoring 
points for yes/ no type questions asking if certain investigations have been carried out to 
questions where the score varies depending on the level of achievement, for example the 
percentage of waste diverted from landfill.  Some questions also have scores broken down 
into stages depending on for instance; if observations were made, were they assigned to 
someone, did that person action the observations, so again rewarding the level of 
implementation (Willetts et al., 2010b).  For more detail on CEEQUAL and how the method 
was applied, see Paper 2 in the Appendix. 
3.4.5 ARCHIVAL AND CONTENT ANALYSIS 
This method was used in two phases of the work.  In phase three, archival and content 
analysis was used to review competitors’ publications (sustainability and CR reports).  The 
analysis categorised information from secondary data, based on categories identified while 
undertaking a literature review, there categories included reporting types, commonly used 
standards and guidelines, critical content to reporting coverage and good practices (see Paper 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
engineering consultancy 
38 
3 for further details).  Using categories selected from literature removed any problems of 
inconsistencies in language used by organisations from different geographic locations.  In 
phase four of the research archival analysis was used to review the same publications of 
client organisations to inform and complement the findings of the interviews discussed in 
3.4.2.2 relating to CR and sustainability practices and uptake. 
3.4.6 OBSERVATION 
The entire research project represents a case study, as case studies were described previously, 
as being an in-depth study of a phenomenon within a bounded context (Yin, 1994).  
Therefore, it can be seen that the research, bounded within a business unit that is seen as 
representative of a wider organisation.  The researcher can therefore be seen as a “participant 
as observer” as described by Ackroyd and Hughes (1992), due to being both involved within 
the business unit, to the knowledge of those he was working with as well as being involved 
with projects under observation to varying extents.  This observation allowed for a depth and 
richness to be added to the RE’s understanding of context in relation to all the research 
undertaken. 
3.4.7 CAUSAL LOOP DIAGRAMS 
Causal loop diagrams were used to assist with the synthesis and understanding of 
interconnectedness of the previous research outputs.  Causal Loop Diagrams are a tool 
developed from the Systems Dynamics movement, which forms part of the Systems Thinking 
school of thought.  Systems Thinking is the opposite of the mainstream mechanistic and 
reductionist methods of analysis that is most commonly practised and rather than aiming to 
break a problem down into its constituent parts, recognises the complexity and 
interconnectedness of problems (Doppelt, 2008).  It recognises the messiness of situations 
and aims to identify unseen barriers and drivers, along with helping identify appropriate 
places to intervene in problems, taking into account unforeseen effects elsewhere in the 
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system; that cannot be identified using a reductionist approach and recognises problems do 
not exist in isolation (Meadows, 2008; Sherwood, 2003).  CLD’s therefore allowed the RE to 
illustrate the interconnectedness of the findings of the research as well as to identify the most 
appropriate places to intervene to maximise the change in the uptake of sustainability by 
engineers in the sponsoring organisation.  
 
3.4.8 MIXED METHODS 
Mixed methods have been used throughout the research to provide both positioning and 
validity (Mingers and Gill, 1997, Creswell, 2009).  Mixed methods have been used in line 
with Bryman and Bell’s (2007) outline, to allow the supplementation of the RE’s role as 
observer-participant to enrich research findings as well as to relate interview and case study 
findings with those from literature, position case studies in relation to each other, the adopted 
research methods against those in the literature and organisations against each other.  By 
comparing the research methods used with those used in the literature it was possible to 
remove bias towards a methodology and by positioning the research in relation to wider 
literature, outside of the boundaries imposed by the sponsoring organisation, it allowed for 
validation of findings as well as similarities and differences to be drawn.  
3.5 CHAPTER SUMMARY 
This chapter has reviewed the chosen research methods and selected techniques used for the 
EngD project.  It has reviewed a variety of research methods, suitable for the research 
domain.  The adopted research methods can be seen in 
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Table 3-1 which outlines their use against the broad project research objectives.  
 
 
 
 
Overall Aim: The aim of this research was to understand the multiple influences on the consideration of sustainability within an 
engineering consultancy and how these affect engagement with sustainability, its adoption and practices 
 Research 
Objective 
Work 
Package  
Research Tasks  Research Method Outputs 
1. Identify what is 
sustainable 
development in a 
wider context and 
evaluate how it is 
currently 
understood and 
implemented 
within the 
consultancy. 
WPOB11 Review the principles of sustainable development 
and sustainability.  (Section 2.1) 
 
 
Literature Review 
Observation see 
3.4.1 and 2.1, 4.2. Paper 1 
 
Internal Report 
WPOB12 
Identify how the principles of sustainable 
development apply to the built environment 
(Section 2.1.1) 
WPOB13 Identify how these principles are applied tin design  (Section 4.2) 
2. 
Evaluate the 
environmental 
impact of ‘typical’ 
infrastructure 
projects and the 
influences on their 
environmental 
performance. 
WPOB21 
Identify areas of development that impact 
negatively on the environment and climate 
change (Section 2.1.1, Paper 1 and Paper 2) 
 
Case studies see 
3.4.3 
 
Literature review see 
3.4.1 and 2.2 
 
Observation see 
3.4.6 
CEEQUAL 3.4.4 
 
Internal Presentation WPOB22 
Identify key tools and techniques currently used 
to measure this impact (Paper 1 and Paper 2) 
WPOB23 Understand options available to mitigate these impacts (Paper 2) 
WPOB24 
Examine Jacobs case studies and asses their 
potential impact (Section 4.3) 
Paper 2 
 
Internal Report Explore how these case studies have been 
influenced regarding sustainability (Paper 1, 
Paper 2 and 5.3) 
3. Identify the 
drivers and 
benefits of 
implementing 
changes to realise 
greater adoption of 
sustainability 
within an 
engineering 
consultancy 
organisation and 
evaluate the level 
of implementation. 
WPOB31 Gauge the infrastructure clients requirements for 
sustainability (Section 4.5) Archival analysis 
see 3.4.5 
 
Interviews see 
3.4.2.2 
 
Observation see 
3.4.6 
Paper 3 
 
Internal Report 
WPOB32 Compare Jacobs performance to the competition 
and sector.(Section 4.4 and Paper 3) 
WPOB33 Explore the organisational benefits of 
sustainability (Section 2.2 and Paper 3) 
4. 
 
Synthesise the 
findings to 
recommend 
practices that will 
encourage greater 
engagement with 
sustainability to 
promote its 
incorporation into 
the project 
delivery process 
WPOB41 Identify current levels of awareness to 
sustainability within Jacobs (Section 4.2) 
Surveys see 3.4.2 
 
Literature Review 
see 3.4.1 and 2.3 
 
Observation see 
3.4.6 
 
Causal loop 
diagrams 3.4.7 
Internal Report 
WPOB42 Establish gaps in awareness and key issues to be 
addressed (Section 4.2 and 4.3) 
WPOB43 Collate information gathered  
Thesis 
 
Internal Report 
WPOB44 Synthesise findings and make recommendations (Section 5.3). 
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The main methods used have been discussed which include: 
• literature review used to develop an understanding of the application of sustainable 
development to construction, engineers and design consultancies and organisations; 
• surveys used to understand the influences on engineers relating to sustainability, their 
understanding of the issues and any barriers they feel they face; 
• case studies used to understand the current level of sustainability performance for 
typical schemes delivered within the consultancy using a industry recognised 
assessment method, CEEQUAL; 
• interviews to understand the influence clients are providing on engineers and designs, 
how they are approaching sustainability and the future direction of travel of the issue 
within infrastructure clients; 
• archival analysis to review how a wider sample of similar organisations are 
approaching sustainability at the organisational level and communicating it to 
stakeholders; 
• causal loop diagrams to see how these issues relate to each other and identify any 
areas where attention should be focussed to foster a greater consideration of 
sustainability within the organisation. 
The findings from each research method are presented and discussed further in Chapter Four. 
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4 RESEARCH UNDERTAKEN  
4.1 INTRODUCTION 
This chapter outlines the research that was undertaken to fulfil the objectives of the EngD 
that were outlined in Chapter 1 using the research methodology detailed in Chapter 3.  The 
research was also guided by commercial aspects of the sponsoring company and the shifting 
direction of the design team the RE was based within; these influences will be included in the 
discussion of the research in Chapter 5. 
 
The RE was based within a design team in the sponsoring organisation and the first year was 
predominantly spent gaining an understanding of the organisation’s processes, structure and 
culture while developing an appreciation of the design and project delivery process.  The 
taught element of the EngD was also completed, which involved completing six modules that 
were chosen to complement the proposed aim of the project, these were: Research Innovation 
and Communication, Professional Development 1, Professional Development 2, Low Energy 
Building Design, Sustainability and the Built Environment and Value Engineering. 
 
The first year was also spent undertaking a review of literature and gaining an appreciation of 
sustainability, sustainable development and what it meant for construction and the built 
environment as well as the engineer.  The literature review was undertaken using online 
databases and the library facilities at Loughborough University, which contributed to 
fulfilling Objective 1 of the research.  The results can be found in Section 2.1 and Appendix 
F.  This chapter is organised into four sections: 
• 4.2 How is sustainability currently understood within the consultancy.- Objective 1 
• 4.3 Evaluate the environmental impact of ‘typical’ schemes – Objective 2 
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• Assess the drivers and benefits of implementing changes to realise greater adoption of 
sustainability: 
o 4.4 Corporate responsibility  and sustainability in engineering consultancies – 
Objective 3 
o 4.5 Corporate responsibility and sustainability in client organisations – 
Objective 3 
 
Each section begins with a brief look at the research undertaken, key findings and review 
what it means and how to take it forward to the next stage of the research. 
4.2 HOW IS SUSTAINABILITY CURRENTLY UNDERSTOOD 
WITHIN THE CONSULTANCY? 
4.2.1 RESEARCH UNDERTAKEN  
Following the time spent within the sponsoring organisation in the first year, as well as the 
completion of an extensive literature review, the RE developed a better appreciation and 
understanding of sustainability, design and the sponsoring organisation.  
 
Utilising the results of the literature review it was proposed that since sustainability is now a 
mainstream concept (through its place in national policy, see Section 2.1), therefore all 
employees of the sponsoring organisation should be aware of the concept of sustainability, 
but that they may not have sufficient knowledge and tools to deliver sustainable solutions.  
Projects would therefore be delivered to meet a regulatory minimum with cost, time and 
quality as the defining project attributes.  So it was decided that building on this and with the 
intention of assisting in Objective 4, to formally establish the current levels of awareness of 
sustainability within the sponsoring organisation.  
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The information to be collected was based upon a combination of facts, knowledge and 
opinion of how the participants viewed and delivered sustainability within the organisation 
and had to be collected from across professional disciplines and geographic locations.  
Reviewing the main advantages and disadvantages of the most common survey methods as 
highlighted by Blumberg et al. (2005) and taking into account the proposed geographical 
distribution of participants as well as the potential size of the sample (circa 7,200) it was felt 
that a self-administered survey via electronic means was the most suitable method of 
research. 
 
The questions were developed following guidance by Bryman and Bell (2007) and utilised a 
combination of factual statements, Likert Scales and open text boxes.  To maximize 
participation and following good practice (Naoum, 1998), both surveys were trialled on a 
pilot group to test the questions and answers for clarity, suitability and format issues, their 
feedback then shaped the final survey that was undertaken as well as input from the 
sponsoring supervisors and communications team.  
 
In total 583 (out of 7,156) employees responded with 80% completing the entire survey.  
Unfortunately, for the first month the survey was open, people participating in the survey in 
the mornings found some technical difficulties using the survey.  This appeared to only affect 
staff going through the Reading Server; those going through the Glasgow Server did not 
experience the same problems.  It was possible to see employees who had not completed the 
survey during this period and they were contacted about the problem, with the suggestion to 
attempt the survey again in the afternoon but only around half of those contacted attempted 
the survey again. 
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The survey consisted of three distinct sections, section one looked to collect personal 
information on staff grade, location, business unit, sector, etc.  The second section looked at 
staff opinions on sustainability as it related to their work with the third section looking at staff 
opinions on Jacobs approach to sustainability as a company.  An opportunity was also 
provided for general comments (around 100 people provided comments). 
 
Survey Two was delivered via e-mail to any respondents of survey one who answered that 
sustainability was ‘Totally’ or ‘Mainly’ relevant to their day to day work, this represented 
282 respondents.  A total of 155 took part during late December 2009 and early January 
2010, this represents a response rate of 56% or 2% of the total employees.  
 
The second survey aimed to get a more rounded understanding of how staff that are engaging 
with sustainability were located, at what stage they engage, why they are engaging with 
sustainability, what they feel is hindering them and how they would like assistance.  It was 
also hoped to identify common tools that are being used as well as project examples where 
respondents felt sustainability was being identified.  
4.2.2 RESEARCH FINDINGS  
For the first survey, a response rate of 8.1% was achieved, while survey two achieved 54.9%, 
as shown in Table 4-1.  Representativeness of the data was carefully considered, looking at 
response rates in comparison to total company data by business units, performance units, staff 
grades and locations, it was found that the data should be considered to be representative 
(geographically, by grade and by business unit, see Appendix C for further information) of 
the organisation in general although staff were proportionally under represented (see 
Appendix C) from Jacobs Engineering (JE) (one section of the business), T1 staff grade 
(entry level technicians)  and corporate services. The reasons for this are believed to be that a 
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number of T1 and corporate services may have not felt the survey was of relevance to their 
work and that a large proportion of JE did not have access to the intranet where the survey 
was carried out. 
Table 4-1 Response rate to surveys 
 Eligible 
Participants 
Participant
s 
Response 
Rate 
Survey 1 7156 583 8.1% 
Survey 2 282 155 54.9% 
 
The survey identified that sustainability is an issue of considerable importance within Jacobs 
with over 96% (n=463) of respondents believing that sustainability was of relevance to their 
day to day work and over 85% (n=502) of respondents believing it to be an essential issue 
within engineering.  However, there does exist some degree of confusion over what the term 
sustainability means, while sustainability is generally considered to take into account 
environmental, social and economic aspects using the most common definitions, the majority 
of staff put the greatest emphasis on environmental issues with social and economic 
wellbeing viewed as less relevant.  Respondents identified resource management, energy 
consumption and waste management as the most important issues in their current work with 
the issues of profitability, competitiveness and economic growth seen as the least important 
to sustainability in their work at the time. 
 
Staff were questioned on their awareness of Jacobs’ position on sustainability (which is set 
out in a number of internal documents available to all staff) and it was found that there was a 
fairly even split 52%:48% (n=462) who said they were aware to those who were not.  When 
questioned about the Jacobs Sustainability Report it was found that while 28.4% (n=462) of 
staff had read the report, 29.8% (n=462) had not even heard of the report; the remaining 
respondents just did not think it relevant to them.  It was also found that report readership and 
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awareness was lowest in JE where its existence did not seem to have been communicated as 
effectively as in JI via the Intranet, staff broadcasts and the in-house magazine.  It was found 
that the Sustainability Report was the main document communicating Jacobs’ position and 
principles to staff. 
 
The respondents to survey 1 were finally asked how they view Jacobs position on 
sustainability, 32.2% (n=459) felt that Jacobs was actively trying to promote sustainability 
while 37% (n=459) felt Jacobs was following the market, whereas 15.5% (n=459) felt Jacobs 
was only complying with regulatory minima.  It was noted that Jacobs Consultancy had the 
most optimistic outlook on Jacobs position compared to the sample.  It was also noted that 
staff opinion on company position improved after reading the Sustainability Report (with 
those believing the company was actively engaging them on the issue increasing from 
32.2%(n=459) in the total sample to 42.3% (n=459) in the sample who had read the report). 
 
Finally, it was identified that with increasing seniority there was a direct increase in 
Sustainability Report readership, understanding of company position on the issue and 
perceived increase in relevance to day-to-day work.  This contrasts a number of comments 
left by respondents who felt it was the more senior members of staff who were the least 
engaged on the issue. 
 
The second survey targeted those who felt that sustainability was totally or mainly relevant to 
their day-to-day work.  The respondents were representative of the company but with a 
leaning towards Jacobs Infrastructure and the Environment Business Unit (with Glasgow, 
Maidstone, Manchester and Reading standing out as nodes of engagement on the issue).  
Encouragingly 84.3% (n=141) of respondents felt that they had been involved in a scheme 
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which had addressed some aspects of sustainability and the majority of respondents provided 
details of these schemes which could be used for data mining and collection of best practice 
in the future.  Waste management, energy/emissions, flooding and impact assessment, all 
stood out as areas where staff are engaged with clients, and it was possible to identify clients 
who stood out as driving the consideration of environmental issues in schemes. 
 
It was again surprising to find that the majority of respondents were engaging with the 
sustainability agenda at or before the initial concept stage of a project, which contrasts with 
wider industry opinion on engagement with sustainability (see Appendix F).  It was noted 
however that client expectation surveys were not widely utilized to discuss sustainability with 
clients.  It is also worth noting that although respondents were engaging clients early, these 
respondents were chosen because they felt sustainability to be mainly or totally relevant to 
their current role.  The predominant reasons for engaging were seen as legal compliance and 
client objectives, followed by competitive advantage and reputation/risk while Jacobs policy 
was seen as one of the weakest drivers at present. 
 
The majority of staff sought sustainability information from the internet and from internal 
employees; external expertise was sought the least frequently, which is encouraging, as it 
would appear staff feel as a company they are well positioned to deliver sustainable 
objectives internally.  However 51.6% (n=123) of respondents felt there were major barriers 
hindering them from currently delivering sustainability, with the main barriers seen as the 
client’s brief and financial constraints.  There was also some feedback from respondents who 
felt the current mindset internally was a barrier to integrating sustainability into projects 
along with an insufficient knowledge to fully engage clients on the topic (which corresponds 
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with the findings in Sections 2.1 and 2.3 that knowledge, worldviews and organisational 
cultures can act as barriers). 
 
Respondents were questioned on what they believed would benefit them in delivering 
sustainability and methods of delivery and it was found that the most sought after information 
was greater data on in-house capabilities and best practice project examples, which while 
perhaps surprising is also pleasing as they should be two of the easiest solutions to deliver.  
Levels of interest for further information were fairly even by spread across all the other areas 
suggested to staff.  The most popular methods for improving delivery of sustainability were 
provision of CPD specific to the subject, details of best practice and improved guidance and 
procedures to formalise its consideration. 
 
Finally staff provided comments on any other issues they felt relevant to the discussion on 
sustainability and Jacobs.  These covered a wide range of topics including office 
management, company travel policy, company involvement in projects perceived to be 
environmentally damaging, senior management engagement on the topic and general 
company strategy regarding sustainability.  These are of interest as it has been shown that 
senior management engagement and organisational strategy are of great importance to 
embedding sustainability in organisations (Bertel et al, 2010), while it has been shown that 
employee involvement with work that they feel does not align with their personal values can 
lead to poor staff engagement, motivation and creativity (Visser and Crane, 2010). 
4.2.3 REVIEW AND NEXT STEPS 
The findings were encouraging, in that those who participated felt sustainability to be 
important to their work and that the knowledge exists internally to deliver sustainable 
solutions to clients.  However a number of areas were identified that would benefit from 
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attention in particular staff knowledge on the importance of social and economic 
sustainability as it relates to their work, greater dissemination of best practice and project 
case studies, improved communication on internal capabilities and where knowledge resides, 
improved communication on company position and finally improved guidance/ procedures to 
embed the concept within project delivery.  These findings were summarised and fed back to 
the company including the Head of Sustainability and relevant senior management for 
discussion (See Appendix D), which lead to a series of recommendations being made to 
address the findings, these will be discussed in Chapter 5. 
4.3 EVALUATING THE ENVIRONMENTAL IMPACT OF 
TYPICAL SCHEMES 
4.3.1 RESEARCH UNDERTAKEN 
Having completed the surveys and gained a broader understanding of the awareness and 
delivery of sustainability within the sponsoring organisation, it was decided to gain an 
understanding of the environmental impact that the organisation was having through project 
delivery.  This element of the research was therefore concerned with establishing the impact 
that current projects were having and to satisfy objective 2 as well as generate information for 
consideration in objective 4. 
 
The research built upon the literature review undertaken in year one (highlighted in Section 
2.1.1 and Appendix F) and the findings are discussed in more detail in Paper 2 in Appendix 
G.  The literature review had found a consensus on the key issues for consideration in a 
sustainable built environment; see Table 2-1, as well as identifying the significant impact that 
construction projects have.  A method of assessment was required that would benchmark 
current performance against good practice, to identify to what extent current projects were 
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integrating environmental and social issues and if there were any specific areas that 
performed better or worse than others. 
 
A variety of tools were considered including life cycle assessment and ecological 
footprinting, but were dismissed due to constraints on time available and data requirements, 
as it was felt that insufficient information existed to provide a comprehensive and accurate 
result, using the available records from completed or ongoing company projects.  It was 
therefore decided to take a broader overview of performance and the CEEQUAL method of 
assessment was identified as the most appropriate method because it was specific to the UK, 
was developed through broad ranging consensus on the scope and depth of issues it covers 
and sufficient data was available to undertake an assessment (Campbell-Lendrum, 2005; 
Ghumra, 2009).  Also built into this method, it would incorporate recommendations on how 
to improve weak areas due to the nature of the assessment, allowing easier feedback to the 
design teams in the sponsoring organisation. 
 
Live projects were identified and these were narrowed down to those within the design team 
and business unit that the RE was based within.  Through discussion with the Industrial 
Supervisor, three schemes were identified that were recent or ongoing, to provide the most up 
to date overview of performance under the current legislation and design guidance, covered a 
broad cross section of the work undertaken by the design team and were representative of 
typical projects as well as clients.  The three schemes that were chosen were: 
• Case Study 1 – highways, drainage and footpaths to support a large new residential 
development on a brown field regeneration site for a public development body.  This 
project had strong aspirations regarding the social aspects of sustainability.  
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• Case Study 2 – highways, drainage and footpaths to support a new industrial park on a 
Greenfield site for a public body in a rural location.  The project aimed to act as an 
economic stimulus for the area.  
• Case Study 3 – highways, drainage and footpaths to support a new commercial 
development on an inner city brown field site for a private developer. 
 
To undertake the CEEQUAL assessment and ensure a thorough understanding of its 
workings, the RE attended a two-day training course, run by CEEQUAL Ltd. qualifying him 
as a certified CEEQUAL assessor.  This allowed for a better understanding of how to apply 
the scheme and score the projects.   
 
The assessments were carried out utilising the Excel based scoring sheet, that was developed 
by CEEQUAL to assist assessors in undertaking assessments along with the CEEQUAL 
manual Version 4, which was the most current at that time.  Although when these schemes 
were designed, they would have been eligible for assessment under version 3.1, which had 
just been superseded (November 2008), the decision was made to use the most recent version 
as it was the most representative of what was currently considered best practice (although this 
had the potential for schemes to score slightly lower under version 3.1 ). 
 
The data that was used was a combination of design drawings, specifications, review of 
applicable contract documents and discussion with members of the design and project 
management team.  Due to the RE’s placement within the design team, unlimited access to 
the required information was available, easing retrieval and analysis of project documents. 
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Case study CEEQUAL section scores
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4.3.2 RESEARCH FINDINGS  
Summary of performance can be seen in Figure 4-1.  It can be seen that areas relating to 
ecology and biodiversity, historic environment and water resources were most 
comprehensively addressed, while energy and carbon, material issues, waste and transport did 
the least well. 
 
The complete research findings can be found in Paper Two (in Appendix G).  In summary, it 
was found that two of the projects would have failed to receive any award from CEEQUAL, 
with one receiving a ‘Pass’ which required a score over 25%, the scheme scored 29.2%, with 
the other two schemes scoring 21.3% and 10.5%.  While part of the reason for this was the 
auditing process applied and the schemes not being set up to record information, the main 
reason was that the projects were delivered using typical practice, not sustainable practice. 
 
It was highlighted that where there had been a client request for good performance or where 
the designers had previous experience of implementing good practice due to a past client 
Figure 4-1 CEEQUAL Section scores for the three selected case studies 
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brief requiring it, this carried over to the case study project.  Differences in scores between 
the two public clients and single private client were also found, which was to be expected due 
to their differing design guidelines and organisational positions on issues such as 
communities and the environment. 
 
4.3.2 REVIEW AND NEXT STEPS 
An assessment of the three typical infrastructure designs delivered by the design team in 
which the RE was based was undertaken and their environmental and social impacts assessed 
using the CEEQUAL assessment method, which was identified as the most appropriate 
method to assess infrastructure schemes in the UK.  It was found that at present designers 
were delivering clients’ requirements and not looking to surpass them or engage them on 
going beyond regulatory minima, in areas where they did not feel comfortable except in areas 
where they have past experience, gained through previous client driven requirements (this is 
expanded upon more in Paper 2 in Appendix G). 
 
Going forward the use of CEEQUAL as an educational, rather than just an assessment 
method was highlighted as part of delivering objective four.  A presentation was given to the 
design office that undertook that project management and design of the assessed schemes 
covering the research undertaken and results along with further details of CEEQUAL and its 
potential applications.  
 
An understanding of the staff opinions on sustainability had been therefore clarified along 
with a better appreciation of how infrastructure design was being undertaken and delivered in 
terms of its environmental and to lesser extent, social impact.  It was decided next to review 
the organisational benefits of sustainability.  This was driven by two reasons, first, to gain a 
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more rounded and holistic understanding of the sponsoring organisation’s current 
performance on sustainability and secondly due to changes in the economic situation at that 
point in the research.  The team that the RE was based in was no longer working on smaller 
infrastructure schemes due to the financial downturn and the subsequent drop in housing 
developments.  The team moved to working on larger infrastructure schemes to the point that 
the part of the business in which the RE was located was dissolved.  The RE was relocated 
into the environmental and sustainability consultancy and with this came the decision that the 
research could take a broader look at the organisations performance. 
4.4 CORPORATE RESPONSIBILITY AND SUSTAINABILITY IN 
ENGINEERING CONSULTANCIES   
4.4.1 RESEARCH UNDERTAKEN  
The research for this section involved moving away from construction and infrastructure 
design and shifting the focus to the organisational aspects of sustainability.  Therefore time 
was spent undertaking a literature review of this area, exploring Corporate Sustainability and 
Corporate Social Responsibility.  A summary of this review can be found in Section 2.2 and 
in the literature review section of Paper 3 (Appendix H).  
 
Based on the findings from the literature it was clear that there are a variety of benefits to 
pursuing corporate sustainability and responsible business practices and that one of the 
predominant methods of communicating a company’s position is through its corporate 
reporting (see Section 2.2).  It was therefore decided to review the current level of 
sustainability commitment and market position of major Architectural, Engineering and 
Construction (AEC) consultancies globally such that the sponsoring organisation’s market 
position on Corporate Responsibility (CR) could be better understood.  The attributes of what 
a successful corporate responsibility programme should include were identified from the 
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literature and annual reports, CR reports and company websites were used to collect data 
issues related to reporting methods, scope of issues covered, degree of best practice and detail 
given.  Although there is an argument in the literature for using annual reports (Adams and 
Harte, 1998), the other documents were chosen to give a more rounded picture of each 
company’s CR practices, recognising that solely considering corporate reports might not give 
the complete picture, as acknowledged by Roberts (1991).  Using an expanded selection of 
documents was also possible as the analysis was only looking at the current years reporting 
and not measuring progress over time, so there was not a risk of being overwhelmed by 
material 
 
Initially a broad selection of global AEC companies were chosen, that were identified from 
the New Civil Engineer 2009 top global consultants, Engineering News Record 2009 (ENR) 
Top 500 Design firms and ENR Top Global design firms, to provide a representative 
overview of how the largest firms were performing, as well as for comparison of performance 
and issues between geographic regions.  Content analysis was employed using the secondary 
data described above, as it was the most appropriate method, due to the nature of the 
information required and it being used for similar studies in construction as well as CR fields, 
for establishing issues of importance and scope of coverage (Myers, 2005; Jones et al., 2010; 
Drexer and Larson, 2000; Yu et al, 2006; UNEP 2000; 2002; WWF, 2004; Sustainability et 
al, 2004; Unerman, 2001; Milne and Adler 1999). 
 
An initial matrix was constructed of key themes identified from the literature and the 
information available in the publicly available reports (see Figure 4-2).  This was used for 
comparison and initial analysis of the scope of issues covered, rather than word frequency, as 
used in past studies.  The total selection of companies was then narrowed down to the top 20 
 Research undertaken  
 
 57 
based on revenue for more detailed analysis and comparison, specifically against two recent 
studies, Craib and PriceWaterhouseCooper (2009), hereafter referred to as Craib and PWC 
(2009), and KPMG (2008).  Craib and PWC (2009) looked at over 1,115 firms from the 
world’s largest indices to establish best practices in CSR before finding benchmarks for 
implementation using 100 companies, split evenly between US, Canada, Europe/ Japan/ 
Australia, and the rest of the world.  KPMG (2008) undertook a survey of reporting trends of 
2,100 companies, including the G250, representing the largest 250 global companies as well 
as the largest 100 companies from 22 countries.  Hence, these provided useful baseline 
studies for the content analysis of AEC CR reports. 
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Figure 4-2 - Initial matrix of reported sustainability issues 
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4.4.2 RESEARCH FINDINGS  
The literature made a clear case for the benefits of corporate social responsibility and 
corporate sustainability as methods for reducing an organisation’s impact while increasing 
alignment with wider stakeholder concerns.  CR is an area of growing focus, with growing 
adoption in mainstream business globally.  It has been shown that the construction industry is 
an extremely high impact sector, affecting a large number of stakeholders; therefore the 
potential for CR in this sector is substantial, taking into account how large the number of 
stakeholders impacted is. 
 
The research, aligns well with previous studies (Brown, 2009; Myers, 2005; and GRI, 2008) 
in finding that construction organisations, and in this case, consultants, lagged behind other 
sectors in the scope and depth of their application of CSR.  While it was clear, that the agenda 
is one receiving attention from consultants with those based in Europe leading their American 
counterparts, there is a wide range of approaches and commitment.  While the use of best 
practices is lagging, a consensus on issues was apparent with the focus being on the most 
well established areas such as a broad commitment to reduce environmental impact and 
health, safety and welfare.  There does not appear however to be a consensus on how to 
report or measure these impacts, or on the scope that should be considered. 
 
The general CR themes found within the reviewed literature were very much in line with 
those found by Brown et al (2009) in relation to the key themes.  It is interesting to see the 
emphasis on carbon, with common initiatives reported revolving around energy efficiency 
measures in offices.  The quality of CR reporting was also called into question with some 
criticisms around the generic nature of some firms’ stakeholder engagement statements; there 
is a clear opportunity for consultants to improve their approach with regards to stakeholder 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
engineering consultancy 
60 
engagement and communication if they wish to ensure that both stakeholders and employees 
feel that the organisations commitments and values are genuine and will be sustained.  
Further findings can be found in Appendix H and I. 
4.4.3 REVIEW AND NEXT STEPS 
A broad selection of large, global design consultancies were reviewed for their outward 
communication on CR to their stakeholders and information collected on their method of 
reporting, standards adhered to and issues covered.  It was found that these firms lag behind 
best practice in other sectors, so it is less likely that the varied benefits of a successful CR 
commitment are to be achieved.  It is also clear however that CR is being recognised as an 
item that must be considered by the consultant. 
 
The next step was to look at how client organisations are responding to the CR agenda, how 
they view its importance in the relation to their consultants and how they see it being 
progressed , if they have identified any connection between minimising the impact of project 
delivery, with minimising the impact of their organisation. 
4.5 CORPORATE RESPONSIBILITY AND SUSTAINABILITY IN 
CLIENT ORGANISATIONS 
4.5.1 RESEARCH UNDERTAKEN  
The final element of the research that was undertaken was a series of interviews with a 
number of key client organisations.  The aim of these interviews was to better understand 
how and why clients were considering sustainability and/or CR both internally as 
organisations and externally in the works they procure.  This decision was made based on the 
findings of the surveys in section 4.2 (in which perceived client objectives were seen as the 
key reason to engage with sustainability); the case studies in section 4.3 (where clients were 
thought to specify sustainable outcomes, such that staff in the sponsoring company would 
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therefore be able to deliver them) and 4.4 (which found an increasing trend to consider CR 
and sustainability issues in construction).  As a result, it was clear that clients needed to be 
included in the research to give a rounded view of how engineers consider and act in terms of 
sustainability. 
 
The interviews built on the work undertaken in Sections 2.2 and 4.4 to understand the role of 
CR in engineering and construction.  Based on the findings of literature (see section 2.2), a 
number of models and attempts to understand the adoption of CR in organisations have been 
developed over the past two decades.  These have typically followed phase change models, 
showing the steps an organisation goes through as it transitions from a business with little 
regard for CR to a business with CR as intrinsic to its success.  Rather than attempting to 
synthesise these models, the work of Maon et al (2010) and Bertels et al (2010) was adopted.  
Their studies present useful models that bring together ideas presented by the majority of 
significant former works in the field, including but not limited to models by Dunphy et al 
(2003), Van Marrewwijk and Were (2003), Zadek (2004) and Mirvis and Googins (2006).  
Considering them in turn, Maon et al’s framework was chosen as it was the most robust and 
all encompassing.  In illustrating the stages that organisations would go through in adopting 
CR it would therefore be possible in the interviews to benchmark the client organisations’ 
current positions as well as where they were aiming to be in the future.  It is worth noting that 
not all organisations would or should aim for the final position on Maon et al’s scale due to 
market and strategic reasons; the model is presented in Table 4-2. 
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Table 4-2  Maon et al. (2010) Stage model of CSR development 
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The second model that was used during the interviews was produced by Bertels et al (2010) 
see Figure 4-3.  It provides a model looking at embedding sustainability within organisations 
based on a systemic review of the literature.  This model identified the mechanisms that have 
been claimed to be successful in integrating sustainability into organisation and provided a 
literature-based overview of evidence to support or dismiss each mechanism.  Using this 
model, the intention was to identify how clients are currently looking to influence their staff 
(and if they are doing it effectively) who will in turn influence designers and project 
managers. 
 
A list of questions was developed to accompany the use of the two frameworks in the semi-
structured client interviews, which were: 
• What are your current practices for identifying CR goals? 
• What process does your organisation use to roll out CR objectives throughout the 
organisation? 
• What is the process for measuring performance against organisational objectives? 
• What would you typically consider the critical success factors for a project? 
 
Ten client organisations were identified by the sponsoring organisation as key clients to the 
business unit within which the RE was based, and contacted (the letter which can be found in 
Appendix E).  Based on recommendations by Bryman and Bell (2007) for writing a 
successful invitation to participate in research, the letter was approved and signed by a Vice 
President in the sponsoring organisation to lend weight and support that the research was 
important to those being asked.  Of the ten organisations, six responded to either the letter or 
a series of follow up emails and phone calls.  Three did not respond at all, one responded but 
was unable to supply a suitable person to participate and one responded that they were 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
engineering consultancy 
64 
inundated with such requests and they found little benefit in helping researchers.  Of the five 
that responded, four agreed to be interviewed in person and one requested to participate by 
email.  The results presented here relate to the four clients that were interviewed in person; 
the interview attempted by email was discarded because it did not provide sufficient detail or 
insight, due to the disjointed nature of the conversation as well as difficulty in conveying 
concepts and ideas. 
 
The four client organisations represent significant national infrastructure providers with 
significant impact on utility and transportation networks in the UK.  Between them, they 
employ 70,000+ with annual budgets of £13billion for infrastructure expenditure and have a 
significant influence on standard and guidance setting, which affects many areas of UK 
infrastructure delivery.  The interviews were undertaken with the Heads of Sustainability/ 
CSR/CR or equivalent, depending on the organisations structure and adopted terminology.  
The organisations have not been named here, as confidentiality was a requirement of several 
of the organisations in agreeing to discuss matters relating to their management and business 
strategies. 
 
4.5.2 RESEARCH FINDINGS  
The first issue encountered at all the interviews was one of terminology.  It became apparent 
that the terms CSR, CR and Sustainability were used interchangeably by some individuals, 
whereas for others they have specific connotations, but these varied between individuals.  
Therefore, it was important to set out each time before proceeding that this research intended 
to look at the social and environmental aspects, without being limited to corporate issues but 
to broader project delivery. 
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Based on the terms proposed by Maon et al (2010), the four client organisations can be 
described as being somewhere between having a cultural grasp of CSR and those with a 
desire to move towards a CSR cultural embedment.  Although asked to consider the overall 
positions of their respective organisations, the interviewees generally found it hard to 
quantify where they might position an ‘average’ employee.  They found it easier to identify 
where the board/senior management were and describe the general sustainability 
programmes, but acknowledged that in general the staff as a whole lagged behind; with the 
aspiration to bring them to the current level of the senior management.  In turn, they felt there 
was a clear idea of where it was hoped the senior management would be in the short-medium 
term (defined to them as 3-5 years) with again the hope that the rest of the organisation would 
follow. 
 
Looking broadly at the responses provided in Table 4-3, it is clear that there is no single 
organisation lagging behind or leading, with some variations, which can be explained in part 
by market orientation, regulatory constraints and financial limitations.  
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Table 4-3 Adapted from Maon et al (2010) results of client interviews, C represents current position and 
F, desired position, number represents company 
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In terms of the first zone in Table 4-4: “Knowledge and attitudinal dimensions” the 
respondents were fairly consistent with knowledge on sustainability and its relevance to the 
organisation.  This knowledge leads to initiatives being perceived as an obligation worthy of 
commitment from senior management.  They desired an improvement in organisational 
understanding of the issues, along with an increase in commitment from management to move 
to the point where sustainability is being seen as important enough on its own merits to drive 
initiatives.  The language used by Maon (2010) such as “devotion” and “only alternative”, 
was seen as going too far by the interviewees, with it suggesting a form of evangelism that 
was not felt to be appropriate. 
 
Regarding the second zone of “Strategic dimensions”, they all felt that maintaining a licence 
to operate was the reason for their initiatives while also reacting to societal responses.  To 
improve this they are setting objectives proactively with varying degrees of harm 
minimisation.  They all felt that to simply maintain a license to operate was no longer 
adequate and more pro-activity was required in anticipating societal responses, with a desire 
to actively manage/ lead on business wide sustainability objectives.  Regarding transparency 
and reporting, this was felt to be something that was more dictated by their business type, 
whether public or private and the expectations of those in the wider sector.  The private 
organisations were experiencing more calls to move to a greater degree of reporting and 
transparency. 
 
Finally, “Tactical and operational aspects” were discussed; there was more variation in 
approach and expectations seen.  This was especially true regarding stakeholder relationships.  
This is seen as being dictated by the organisations’ defined role, which in some cases was 
imposed upon them by regulation.  Funding for sustainability was seen as adequate for the 
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moment with the desire for stronger funding in the future; all organisations admitted in the 
current financial climate that funding was under greater scrutiny, but no more so than in other 
parts of their businesses.  Projects/initiatives were generally expected to show some form of 
return on investment, although it was not always clear how that was being quantified. 
 
Plans of action were the predominant form of implementation being used by a variety of 
departments but the level of integration was not always seen as sufficient.  All expressed the 
need for it being managed by being seen as “business as usual” throughout the organisation 
and fully integrated into systems so its consideration was unavoidable.  At the moment, many 
of the schemes focused on minimising major risks and collating information for reporting, but 
often the information was not used as a driver for change or continuous improvement (the 
participants did realise that there were shortcomings though). 
 
Moving to the second model, as shown in Figure 4-3 below, the interviewees were asked to 
comment on techniques being used and levels of success.  In general looking at the four 
quadrants the organisations believed themselves strongest at “Clarifying Expectations” and 
“Instilling a capacity for change”.  In terms of “Building Momentum for Change” and 
“Fostering Commitment” there was far less progress.  They were generally ahead in their use 
of formal techniques and lagging somewhat in the use of informal mechanisms, on the Y-axis 
of the mode. 
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Figure 4-3 Assessment tool for embedding sustainability, taken from Bertels et al. (2010) 
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Table 4-4 shows a simple breakdown of the areas each interviewee focused on.  The 
interviewees admitted many were just starting to be used/or were limited in use, especially on 
the informal half of the diagram.  They suggested that management were more familiar with 
writing policies, setting objectives and learning, as this built upon existing practices; they 
were less comfortable with the more informal tools available and lacking confidence in their 
ability to use them correctly, due to past trials of new techniques which were felt to have been 
unsuccessful. 
 
Instilling capacity for change was the only area where all four organisations felt they were 
implementing successfully, as the processes of ‘Learning’ and ‘Developing’ were familiar to 
those used widely in their organisations for improvement purposes anyway.  Therefore, the 
transition to use them for sustainability was fairly easy.  Three people highlighted new 
processes for considering carbon and all referred to wider learning with supply chains and 
cross sectors to understand best practices. 
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Table 4-4 Summary of mechanisms used in the client organisations to embed sustainability 
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s Codify X X X X 4 
Integrate X X X X 4 
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Train X X X  3 
Incent X  X  2 
Assess X  X X 3 
Verify/ Audit X X X   3 
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Learn X X X X 4 
Develop X X X X 4 
B
u
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g 
M
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Raise 
Awareness X     X 2 
Champion X  X X 3 
Invite X  X  2 
Experiment X    1 
Re-envision X    1 
Share X X X X 4 
Fo
st
er
in
g 
Co
m
m
itm
en
t Engage X       1 
Signal X X X  3 
Communicate X  X  2 
Manage Talent  X    1 
Reinforce X       1 
 
Only one organisation had made use (to some extent) of all the techniques suggested in the 
literature.  The remaining three organisations had not attempted to use experimenting, re-
envisioning, engaging, managing talent or reinforcing.  With experimenting, they expressed 
concern about the potential risk involved in terms of the nature of the work they procure and 
were therefore wary about any significant form of experimentation.  Two of the organisations 
highlighted that managing talent was not implemented, as the HR department was not 
integrated into the delivery of sustainability, which fits with the earlier finding that the 
organisations were not yet cross-functional in their implementation. 
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All the organisations talked about setting broad targets at senior level based on stakeholder 
opinions, project specific factors, regulatory environment and assessing against similar 
organisations (based on various action plans, targets etc.).  These were not always applicable 
to all parts of the business, nor were they broken down to specific project objectives that 
linked directly to high level CR objectives.  This was not seen as possible yet given the 
current levels of organisational knowledge and systems maturity.  One interviewee described 
this as objectives being left ‘unpackaged’ and at the Project Managers’ discretion to roll out, 
but acknowledged that this allowed the objectives to be sidelined.  There was also a feeling 
that middle management saw sustainability as a bolt on at the moment and nice to have but 
not needing to go beyond regulatory minimums with budget constraints taking precedent. 
 
All the organisations acknowledged that there are barriers related to raising awareness of 
general sustainability issues as well as corporate objectives and how they fit with individuals’ 
responsibilities.  Organisational culture was mentioned by three of the clients as was a 
disconnect between senior ambitions and a lower level of understanding of the drivers and 
benefits.  Cost or perception of the cost to deliver sustainability was brought up as another 
barrier as well as data collection/ availability and impact quantification.  
 
Three of the organisations specifically said they were looking to consultants to guide them on 
these issues and help raise awareness, highlight impacts and suggest alternatives.  Some 
interviewees also alluded to a general hesitation about demanding these things of designers 
and writing them into design standards.  This was due to reluctance to be seen to get the 
balance wrong or make mistakes and there was a lack of understanding and confidence about 
what levels of sustainability to require.  There was an optimism that this was being addressed 
though; progress was slow but steady and improvements were being delivered.  All 
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organisations could name projects that they held up as the leading level of sustainability at 
the moment and were looking to integrate lessons learnt into future schemes as new project 
minimums. 
4.5.3 REVIEW AND NEXT STEPS 
The research found that these four client organisations viewed CR as an important factor 
going forward within their organisations although some contradictions were displayed by 
them suggesting that CR should be seen as business as usual but that it was not appropriate to 
describe it as the only alternative due to it displaying an evangelism to the issue which they 
did not feel appropriate despite their belief it should be a prerequisite for business operations.  
They recognised it as a way to manage their impacts on the environment and society and saw 
no sign of it disappearing from their agendas.  They had ambitious long-term visions and did 
not see their current provision as satisfactory with their given sustainability requirements.  
Although they had all made attempts to integrate sustainability, seeing high-level support, 
they felt they were failing to make significant progress in influencing the middle to lower 
levels of their organisations.  They intended to resolve this by working with their designers 
and contractors, as well as looking to them for guidance.  
 
The next step from this research is to integrate the findings with the other research 
undertaken to develop a clear understanding of the influences on engineers in delivering 
sustainable designs, which is presented in Chapter Five. 
 
4.6 SUMMARY 
This chapter reviewed the four distinct elements of research that were undertaken during the 
engineering doctorate relating to staff understanding, project performance, organisational 
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position and client orientation.  The implications of this research are discussed in Chapter 5 
with recommendations and conclusions. 
 
It found that staff view sustainability to be a relevant and important issue to their work but 
they do not always feel engaged on the issue.  Organisational policy and reporting (found by 
archival analysis to be poorly implemented by consulting engineers) were seen to be clear 
signals to staff on the importance of the issue but that a lack of senior staff engagement with 
the agenda indicated that the issue was not a priority.  Staff felt there are barriers to them 
implementing sustainability in their role and engaging with clients.  This is important as 
interviews undertaken with clients highlighted that they are looking to engineers to inform 
and guide them on sustainability as they currently feel they are not fully equipped within their 
organisations to address their senior management commitment and strategic goals on the 
issue.  Finally importance of client commitment was seen as a key indicator of project 
success at implementing sustainability in the case studies; these interactions between 
sponsoring organisation, client organisation and the individual engineer appear to be 
significantly linked and of importance in terms of influencing the engineers orientation to the 
implementation of sustainability in the infrastructure projects they work on. 
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5 RESEARCH FINDINGS, IMPLICATIONS AND 
CONCLUSIONS 
5.1 INTRODUCTION 
This chapter provides concluding thoughts on the research undertaken.  It begins with a 
review of the key findings of the research followed by a review of the inherent limitations 
and overall validity.  Finally, the impact on the sponsor and wider industry is discussed, 
before recommendations are made for further research. 
5.2 KEY FINDINGS 
5.2.1 REALISATION OF AIMS AND OBJECTIVES 
The aim of this research was to understand the multiple influences on the consideration of 
sustainability within an engineering consultancy and how these affect engagement with 
sustainability, its adoption and practices, with specific reference to the project delivery 
process. 
 
While the project originally began with a significant emphasis on the design stage and 
infrastructure design, as the project progressed, it became clear that a broader scope should be 
considered, with a wider focus on engineers in the sponsoring organisation in general.  It also 
became clear that an emphasis on managerial and organisational issues was essential. 
 
To support the delivery of the project aim, a number of objectives were derived and reviewed 
as the work progressed to ensure successful delivery of the research that met the desired aim.  
The objectives that were developed to deliver the research were to: 
• Identify what is sustainable development in a wider context and evaluate how it is 
currently understood and implemented within the consultancy. 
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• Evaluate the environmental impact of ‘typical’ infrastructure projects and the 
influences on their environmental performance. 
• Identify the drivers and benefits of implementing changes to realise greater adoption 
of sustainability within an engineering consultancy organisation and evaluate the level 
of implementation. 
•  Synthesise the findings to recommend practices that will encourage greater 
engagement with sustainability to encourage its incorporation into the project delivery 
process. 
 
A review of how these objectives have been delivered through the research are 
summarised in Table 5-1, before being discussed in more detail in the following section. 
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Table 5-1 Research Summary 
 
Overall Aim: 
The aim of this research was to understand the multiple influences on the consideration of 
sustainability within an engineering consultancy and how these affect engagement with 
sustainability, its adoption and practices, with specific reference to the project delivery 
process. 
 Research 
Objective 
Findings Evidence 
Paper 
1 
Paper 
2 
Paper 
3 
Thesis 
1
. 
Identify what is 
sustainable 
development in a 
wider context and 
evaluate how it is 
currently 
understood within 
the consultancy. 
Utilising an extensive literature review across the 
topics of sustainable development, sustainable 
infrastructure, Corporate Social Responsibility and 
the built environment (see Sections 2.1 and 2.2 ), 
later supplemented with the findings of case studies 
(Section 4.3) and interviews (Section 4.5), it has 
been possible to develop a clear understanding on 
the issues that are seen to be most significant in an 
engineering consultancy and design. Over the course 
of the research, this area has been constantly moving 
and in need of ongoing review, with major changes 
in the planning and regulatory landscape for 
implementing and delivering sustainability issues, 
such as water and waste efficiency, carbon 
mitigation, climate adaptation and stakeholder 
engagement. 
P P P S 
2
. 
Evaluate the 
environmental 
impact of ‘typical’ 
infrastructure 
projects and the 
influences on their 
environmental 
performance. 
Case studies (Section 4.3) were carried out on three 
existing projects that were representative of the 
sponsoring business unit’s schemes.  They were 
assessed against an industry recognised best practice 
assessment method for sustainability.  It was found 
that clients were the key drivers for the integration 
of sustainability into design.  Other drivers were 
found to be existing engineers’ knowledge, internal 
networks with internal discipline specialists and 
familiarity with the topic issues.  It was recognised 
that improved design and material usage were not 
necessarily the key topics that needed addressing, 
but issues of engaging with the client, increasing 
engineer awareness of topics and improving 
knowledge sharing of lesson learned internally were 
more important.  It was also recommended that the 
assessment method used could be adapted to 
facilitate this. 
 P  S 
3
. 
Identify the drivers 
and benefits of 
implementing 
changes to realise 
greater adoption of 
sustainability 
within an 
The business benefits identified in the interviews 
and archive analysis (Sections 4.4 and 4.5) were 
found to match those suggested in the literature (2.2 
and 2.3).  The main benefits identified in literature 
were found to be improved stakeholder engagement, 
increased awareness of stakeholder concerns, 
improved staff engagement, reputation protection 
  P P 
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engineering 
consultancy 
organisation and 
evaluate the level 
of implementation. 
and enhancement and identification of resource 
savings from efficiency measures and new 
processes.  These had not been quantified by the 
interviewees, but were the recurring themes, i.e. 
where they felt they were adding value to their 
organisations and increasing their resilience to future 
changes in market place and global trends.  Using 
the practices for integrating sustainability into 
organisations identified in Paper 3 and Section 4.4 it 
was possible to compare the sponsoring organisation 
to a sample of similar organisations, as well as 
compare the sector to a broader business sample to 
evaluate progress within design consultancies on 
integrating sustainability and CR. 
4
. 
 
Synthesise the 
findings to 
recommend 
practices that will 
encourage greater 
engagement with 
sustainability to 
promote its 
incorporation into 
the project 
delivery process. 
The information was reviewed using causal loop 
diagrams to understand the various influences on 
staff and organisational engagement with 
sustainability.  They were developed based on the 
synthesis of the findings from objectives 1-3 and the 
findings in Chapter 4.  
 
Recommendations were drawn based on a 
combination of solutions identified in the literature 
(Sections 2.2 and 2.3 alongside the findings from the 
interviews of what clients (Section 4.5) had found to 
be successful and the findings of the case studies 
that the assessment method could be adapted to 
create a useful tool (Section 4.3), the findings of the 
surveys that staff wanted better information on good 
practice and sharing of lessons learned (Section 4.2) 
and the findings of the archive analysis on the use of 
CR frameworks (Section 4.5). 
 S S P 
P=Primary, S=Secondary
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5.2.2 INTEGRATING FINDINGS 
Causal Loop Diagrams (CLD) were used to illustrate the combined findings of the research 
and the literature review from Chapter 2; with findings from the research undertaken 
including interviews, surveys and case studies.  CLD’s were introduced in Section 3.4.7 as an 
effective method to understand complex situations and the connections between issues, to 
assist with identifying the most appropriate places to intervene in a system.  CLD’s therefore 
allowed the RE to illustrate the interconnectedness of the findings of the research as well as 
identify the most appropriate places to intervene to maximise the change in the uptake of 
sustainability by engineers in the sponsoring organisation.  
 
   +  An increase in births causes an increase in population 
Births   Population  
 
 
   -  An increase in deaths causes a decrease in population 
Deaths   Population 
  
Combining Loops 
   +       _   
Births           R         Population  B Death s 
        
   +            + 
R – Reinforcing loop i.e. virtuous/vicious circle 
B – Balancing loop i.e. hunts equilibrium 
Figure 5-1 Guide to Causal loop diagrams 
 
5.2.3 REVIEW OF RESEARCH 
The case studies using the CEEQUAL assessment scheme (Section 4.3) allowed a picture to 
be built up of current level of performance on sustainability related issues in scheme delivery 
and it was possible to draw conclusions as to the underlying reasons for this.  It was found 
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that the drivers for including sustainability issues were a combination of client engagement 
with the issue (engagement was driven by regulatory and policy drivers, financial incentives 
and levels of awareness see 4.3 and 4.5) and designers’ past experience from previous 
schemes where they had engaged with issues, predominantly due to past client experience, 
which they carried forward into new schemes.  It was observed that past experience on 
projects lead to improved knowledge and skills on sustainable design issues as well as a 
better understanding of the appropriate resources to contact for assistance on sustainability 
related issues.  This allowed the RE to establish the following connections. 
   +   +   +   + 
Client    Client  Project sustainability  Sustainable      Designer 
engagement  awareness integration   Design    Knowledge 
 
          Sustainable skills 
            + 
         
A review of the literature (see Paper 1 in Appendix F) highlighted that the integration of 
sustainability in to projects leads to reduced negative impacts on society and the environment  
and reduces project risk due to ensuring all environmental and societal risks are identified as 
well as the local community engaged to minimise local impacts.  This was further enforced 
by the case studies and interviews, where the issues that staff were able to best integrate their 
knowledge of sustainability on scored better under the CEEQUAL assessment and the 
interviews where clients highlighted that a driver for integrating sustainability into their 
operations and strategies was an increased societal license to operate and associated reduction 
in risks.  Therefore: 
                                             - 
Sustainable   Negative  
Design   Soc/Env impacts 
 
                                             - 
Sustainable   Project 
Design   Soc/Env risk 
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Interviews were undertaken with four major clients to identify how they currently address 
sustainability as organisations (Section 4.5), most notably in the form of Corporate 
Responsibility (CR) as well as how they were looking to align corporate sustainability visions 
with project sustainability (strategic ambition with operational delivery).  The consensus at 
present was that they have a desire to increase operational sustainability in their projects but 
the current economic climate is hindering the inclusion of sustainability due to the perception 
that sustainability is more expensive. 
 
                                             - 
Financial   Project sustainability 
constraints  integration 
 
Financial constraints were also seen as an internal barrier at the strategic level with initiatives 
and spending on corporate sustainability having to illustrate a return on investment to 
maintain top management support and greater scrutiny over new initiatives due to these 
financial constraints despite reporting high level commitment to the issue, from observations 
within the sponsoring organisation, this is also the case (Section 4.5.2).  Clients also noted 
they are not always sure how to quantify a financial benefit, despite being aware of 
observable benefits, i.e. improved staff engagement, or retention.  This provides the link: 
 
 
                                              -                                                - 
Financial   Top management   Project sustainability 
constraints  support   integration 
 
but also that when there are clear savings, most often from efficiency measures, the support 
increases: 
 
                                             + 
Resource   Top management  
savings   support 
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                                             + 
Top management Investment in  
support  initiatives 
 
The interviews confirmed the literature (see Paper 3 in Appendix H) that as engagement with 
sustainability and understanding of the benefits of corporate responsibility increased, so did 
engagement with stakeholders and the desire to communicate a company’s position on 
sustainability.  Stakeholder Theory is one of the predominant theories underpinning corporate 
responsibility (as noted in Paper 3 in Appendix H and Section 2.2).  Engagement allows 
organisations to establish a societal license to operate outside of minimum obligations and as 
stakeholders are so diverse, allows companies to minimise liabilities and risks as well as 
identify unforeseen revenue streams, while aligning corporate strategy with stakeholders’ 
desires (see Paper 3 in Appendix H and Section 2.2).  The client interviews emphasised the 
importance of minimising the risks and liabilities of the impacts on stakeholders due to their 
influence on infrastructure schemes and that with the inclusion of sustainability within their 
procured schemes, they perceived an increased support from stakeholders; this reinforced in 
the clients the importance of sustainability as an issue: 
 
 
 
                                          +                                   +          - 
Top management Stakeholder   Strategy alignment Risk and 
support  engagement  with stakeholders liabilities 
 
and 
 
 
                                           +                                +      
Sustainable  Stakeholder   Client   
design   support  engagement 
 
The sponsoring organisation carries out client satisfaction surveys at the end of each project, 
these were reviewed internally (by senior managers, not by the RE) and it was found that 
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clients were more satisfied when they were engaged over sustainability issues and were 
looking to be advised on the issues, thereby increasing their awareness.  This was in line with 
comments from the client interviews (Section 4.5.1) that clients are looking for designers to 
identify alternatives and raise issues (i.e. the engineer as the professional adviser); they do not 
currently have the awareness of themselves, as the interviewees felt they had not yet built 
their internal levels of sustainability literacy sufficiently to be confident in being able to 
specify and address the broad range of issues required (Section 4.5.2). 
 
                                             +                                         +      
Knowledge  Client    Client 
/experience  engagement   awareness 
 
Having established these connections from the research, it was possible to link them together; 
this is illustrated in Figure 5-2. 
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Figure 5-2 Initial causal loop of research 
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While this model seemed logical, from observation and research, it is quite apparent that it 
does not necessarily represent the current reality in the sponsoring organisation.  Variances 
from the model include: 
• Clients in the interviews stated they did not feel they are being sufficiently engaged 
about sustainability by their consultants and required stronger direction and support in being 
guided on issues to consider and how to implement them to supplement their lack of in-house 
knowledge and strategic ambitions (from interviews and observation of sponsoring 
organisation) (Section 4.5.2) 
• Experience of working on projects with sustainable aspects and developing new skills, 
did not consistently lead staff to engage clients on sustainability, with staff deferring to 
clients (from Sections 4.3.1 and 4.5.2) 
• It was found in the interviews that sustainability initiatives being implemented 
internally by clients did not always translate into consistent savings of resources (from 
Section 4.5.2 and observations in the sponsoring organisation) 
• Interviewees reported efforts to improve organisational sustainability are not 
consistently translating into improvements (from Section 4.5.2 and observations in the 
sponsoring organisation) 
 
The surveys of staff understanding were examined to explore this (Section 4.2).  Despite such 
a high proportion of staff who felt that sustainability was essential (85%) and relevant to their 
work (96%), the findings from the case studies showed that it was not being delivered at 
present (Section 4.2) and from interviews (Section 4.5) and review of the stakeholder 
surveys, it was found many clients did not feel they were being sufficiently engaged (Section 
4.5); staff also felt that the organisation did not actively support sustainability (Section 4.2). 
All of this suggests the existence of a combination of knowledge, culture and belief issues 
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within the organisation, all of which affect its position on sustainability.  A literature review, 
Section 2.3 was undertaken to examine potential reasons for this. 
 
Building on the literature found in Section 2.3 relating to Schein’s (1990) work on 
organisational culture, along with the work by Fry and Slocum (2008) and Trevino (1986), it 
is was found that organisational culture has multiple influences on the individual both inside 
and outside of their workplace, these mechanisms are shown as: 
                                              + 
Pro-sustainable  Pro-sustainable 
Culture   Behaviour 
 
  
                                                    +                                           + 
Top management Pro-sustainability Pro sustainability 
support  culture   behaviour 
 
                                                  +                                             + 
Top management Pro-sustainability Pro sustainability 
support  systems/ processes behaviour 
 
  
                                              +                                                  + 
Sustainable  Mental model  Pro-sustainability 
knowledge/  of sustainability  behaviour 
experience 
 
                                           +                                                 
Pro sustainability Pro sustainability  
culture   knowledge   
 
Lingyun et al (2011) found a direct correlation between social norms, behavioural intention 
and behaviour.  Behavioural intention has been shown to directly correlate with positive 
behaviours in issues such as energy decarbonisation, waste and pro-environmental behaviour, 
with behavioural norms being influenced by attitudes and norms (2.3.1). 
 
                                              + 
Pro-sustainable  Resource 
behaviour   savings 
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Taking in this theory, the model shown in Figure 5-2 was updated, along with information 
from Paper 3 (Appendix H) and the findings of the interviews (Section 4.5). 
 
Figure 5-3, although messy, highlights the complex and interconnectedness of the issues 
influencing the consideration of sustainability in a design consultancy and highlights that how 
focussing on one part of the system is unlikely to have the desired effect and may have 
unforeseen consequences in unexpected and apparently unrelated areas.  Although not 
addressed in this diagram, it would be possible to add additional loops from findings 
highlighted in the literature (relating to staff retention, employee satisfaction, creativity and 
motivation), which would further highlight the impacts and influences that sustainability can 
have within an organisation. 
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Figure 5-3 Key influences on the consideration of sustainability in design 
_ 
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5.3 RECOMMENDATIONS 
The model shown in Figure 5-3 allowed the sponsoring organisation to see key leverage 
points both observed and proposed; leverage points in systems thinking are points in the 
system where interventions are likely to have a major impact throughout the system.  The 
normal place to look for major intervention is at the location of brakes, i.e. where balancing 
loops interact with reinforcing loops (Meadows, 2008).  By looking to release the brake, it 
normally helps allow reinforcing loops spin faster and speed up the cycles, in this case, brakes 
in Figure 5-3 and Figure 5-2, as shown below: 
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Figure Figure 5-4 - Location of brakes in Figure 5-2 
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Figure 5-5 - Location of brakes in figure 5-3 
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5.3.1  INTERVENTIONS 
When the RE reviewed the research and Figures 5-4 and 5-5 for brake locations, it was 
apparent that the major influences on the consideration of sustainability within an engineering 
consultancy, engineering client and on engineers were split between: 
• Organisational level issues related to sustainability initiatives and systems in 
reducing resource use and promoting top management support, balanced by the costs 
of achieving these savings; and 
• Project level issues driven by client and staff awareness, experience and 
expertise delivering sustainable design solutions and increasing client engagement; 
balanced by projects potential risks related to environmental and societal issues and 
stakeholder satisfaction of the management of these risks and designs. 
 
Therefore, the key places identified as most appropriate for intervention to encourage the 
consideration of sustainability were increasing design skills, knowledge and expertise and 
improving sustainability initiatives and systems/ processes.  A broad body of work already 
exists including the work by Maon et al (2010) and Bertels et al (2010) used as the basis for 
undertaking the interviews, on the appropriate ways to influence initiatives and systems that 
the RE focussed on proposing recommendations to the area of skills, knowledge and 
expertise. 
 
5.3.1.1 Skills, knowledge and expertise 
One of the issues for staff at present is the undefined and complex nature of sustainability 
(Sections 2.3 and 4.2.2) that despite 85.5% of survey respondents seeing sustainability as 
essential to projects, there is a disconnect between understanding of the holistic nature of 
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sustainability, as shown in Figure 5-6 and Figure 5-7, by the importance staff place on 
environmental issues compared to the social and economic aspects. 
 
Figure 5-6- Staff response to the importance of the three areas of sustainability 
 
 
Figure 5-7 - Issues staff believe most important to projects 
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By providing basic and broad sustainability literacy education (as staff highlighted an interest 
in with 48% suggesting it would be beneficial, see Figure 5-8 ), staff can develop an 
understanding of the concept and begin to apply and explore the issue in a more fundamental 
way.  Issues that staff should be provided with basic information on include (Woodruff, 2006; 
Kastenhofer et al., 2010; Cattano, 2010; Buckland, 2004; Fenner et al., 2006; Doppelt, 2008): 
• Overarching issues and constraints: 
o Climate Change 
o Water  
o Biodiversity 
o Resource consumption 
• Future predictions and trends 
• Ethics and human rights – decision making 
• Systems thinking – holistic approach and interconnectedness of issues 
 
Figure 5-8 - Preferred methods to encourage sustainability consideration 
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Knowledge is only partially influential though (Frick et al, 2004), more influential is if people 
feel able to apply that knowledge (Section 2.1).  One way this can be implemented is through 
‘how to’ sheets, examples of good practice and sharing of information within the company (as 
staff said was the most appropriate in Section 4.2 and Figure 5-8).  
 
One way to do this would be through the introduction of a new policy to capture sustainability 
best practices that are stored on the intranet and published monthly in the internal publication 
of the sponsoring organisation, so people are aware of new advances.  It is recognised that this 
would require some amount of time for collating and processing each month, but would keep 
the profile of sustainability high, while helping staff develop their understanding.  An 
example of the form was designed and provided to the sponsoring organisation, which was 
generally positive about its potential (See Appendix J). 
 
With the focus on cost/spending highlighted in the research by both clients and staff (over half 
of respondents (51.6%) to the surveys felt there were barriers to them implementing 
sustainability, with cost the most significant perceived barrier, see Figure 5-9), it is envisaged 
that limited time can be spent on training and that a certain extent of new knowledge/expertise 
will need to be self-taught.  To assist design staff and project managers in the delivery of 
sustainable projects and with the ability to be implemented immediately, it was recommended 
that the CEEQUAL scheme be adapted to create a design guide for staff, with an example 
adaptation provided to the sponsoring organisation (See Appendix K for the example relating 
to carbon).  
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Figure 5-9 - Major constraints to considering sustainability 
 
There are a number of reasons to use this method rather than create a bespoke assessment 
tool; these include: it has been demonstrated to be useful in educating engineers (Thompson, 
2010), some staff are already familiar with the scheme (Figure 5-10), it will build awareness 
of the scheme, if a scheme goes for certification at a later date (there is an increasing uptake, 
with all the clients interviewed having experience with the scheme), there would be a 
simplified evidence collection and audit trail with information related to questions already 
being collected as business as usual, hence on deciding to pursue a CEEQUAL award, the 
data would already be on file and efficient to extract.  Added benefits are it is peer reviewed 
by industry, it is also regularly reviewed, so easily updated and kept current as the agenda 
evolves, this requires less work by the sponsoring organisation, allowing more resource to be 
spent elsewhere.  
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Figure 5-10 - Staff familiarity with design tools 
 
Additionally it can act as a template, to structure best practice and case studies, as well as 
structure dialogue within the organisation.  By realigning current best practice groups that are 
vertically siloed by discipline or business group, it is possible to create horizontal best 
practice groups on crosscutting issues and allow for easier sharing of best practice between 
sectors and disciplines, whilst also breaking down internal barriers.  There is also already a 
raft of assessment schemes available and there is little benefit to the creation of an additional, 
bespoke scheme.  
 
As the organisation acts internationally, CEEQUAL can be adapted to take into account local 
factors using the guidance provided here.  The use of a tool frequently used by client’s breaks 
down barriers in language (identified in the surveys and interviews as a barrier) and addresses 
gaps identified in Paper 1 (Appendix F), through a comprehensive training and best practice 
guidance tool, requiring minimum input of additional resources.  The feedback from the 
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sponsoring organisation on this introduction has been positive and is something they are 
looking to take forwards. 
5.3.1.2 Initiatives and Systems 
As discussed a broad body of work already exists on sustainability related initiatives and 
systems, however one area was identified as worthy of further comment, relating to policy.  
While staff felt that company policy was only a moderately important driver for the 
consideration of sustainability (see Figure 5-11), clients reported in the interviews that 
codifying sustainability position was important and a policy was the most common way to 
achieve this although not widely undertaken in consultancies at present (see Figure 4-2) 
despite being best practice (see Appendix IH). 
 
Figure 5-11 - Drivers for considering sustainability 
 
Development of such a policy will also involve top management input and support which has 
been shown to be essential to encouraging staff, in that is demonstrates that they are ‘walking 
the walk’, not just ‘talking the talk’ (Dunphy et al, 2003; Wirtenberg et al, 2008; Were, 2003) 
as well as ‘top management support’ being one of the brake points in the causal loops, with 
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increased levels of support having a positive influence on the loops and influence on the 
uptake of sustainability.  The corporate position can then be reinforced in communications, 
discussions and initiatives.  It does not have to be packaged as sustainability and can readily 
be de-bundled into smaller elements such as waste or community, etc. (as recommended by 
one of the client’s interviewed), but it reinforces the future vision as a social norm which has 
a significant impact on behaviour (Cialdini, 2004).  To address concerns raised in the surveys 
(Section 4.2.2), top management should be visible in support of such a policy, as subordinates 
will often mimic the values and behaviours of those they respect (Wirtenberg et al, 2008; 
Ramus and Steger, 2000).  The policy should provide an unequivocal sense of expected 
behaviour from staff as this has been shown to lead to more sustainable ideas being generated 
as staff feel that managers are supportive of the issue and values espoused (Harris and Crane, 
2002; Ramus and Steger, 2000). 
 
 
Figure 5-12 - Relevance of sustainability to staff 
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Although these recommendations have been made, they have not yet been thoroughly 
implemented, however recommendations to take them forwards has been provided and is 
currently being implemented to varying extents.  The recommendations have been presented 
to both the internal supervisor as well as those responsible for sustainability within the 
organisation, who were enthusiastic about the recommendations and saw scope for 
implementation moving forward.  Following this, the RE has been engaged by senior staff to 
be involved internally with a number of other initiatives and provide further guidance on 
moving sustainability up the internal agenda and increasing engagement with the issue.  This 
has included further work understanding major client’s sustainability objectives, building on 
the work undertaken in Sections 4.4 and 4.5, helping strengthen the business case for 
sustainability, input into CR reporting and also assisting in helping clients understand how 
they could build a strategy to help deliver sustainability in their works. 
5.3.2 SUMMARY 
 
The findings reported in Chapter 4 and 5 can be summarised as: 
1. Engineers found sustainability to be relevant to their work (Figure 5-12), believing 
sustainability to be a an issue of considerable importance that is here to stay (Section 
4.2.2); 
2. It is seen as predominantly an environmental issue with the role of social and 
economic issues viewed as being less important (Section 4.2.2); 
3. In both the surveyed engineers and the client interviewees, a disconnect between 
senior management engagement and commitment to the issue was found, with the 
perception that senior staff do not view it as a serious issue (Section 4.2.2 and 4.5.2); 
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4. Both engineers and clients viewed cost as a barrier to wider uptake (Section 4.2.2 and 
4.5.2); 
5. There was a contradiction in clients that they believed integrating sustainability should 
be business as usual but were reluctant to appear that they were being evangelical 
about the issue, despite describing it as perquisite for business going forwards (Section 
4.5.2); 
6. Despite most surveyed staff reporting they were engaging with sustainability at the 
project outset, contradicting the findings of the literature that sustainability is often a 
bolt on to projects (Section 4.2.2 and Paper 1).  Clients did not feel they were being 
sufficiently engaged, challenged or directed on issues relating to sustainability 
(Section 4.2.2).  Further despite an in-house process to undertake client expectation 
surveys for new projects, staff were not questioning clients in relation to sustainability  
(Section 4.2.2 ); 
7. Clients and staff reported that they did not feel sufficiently knowledgeable to engage 
on sustainability or to integrate it into briefs, specifications or guidance.  Staff felt that 
information on best practice, case studies and how-to guidance would be most 
beneficial to helping them deliver sustainability in their work (Section 4.2.2 and 
4.5.2); 
8. Carbon and energy were identified as an area of weakness in the case studies, with a 
lack of staff knowledge, familiarity with terminology, concepts and the appropriate 
time to intervene on issues (Paper 2).  The case studies also highlighted the ease with 
which a tool such as CEEQUAL could be turned into an education tool, with a carbon 
orientated example created as part of the recommendations (See the Appendix). 
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9. At the project level, staff felt that client objectives and regulatory compliance were the 
key drivers for considering sustainability (Section 4.2.2), while at the strategic level 
the literature (Paper 3) and client interviews reported it was risks, reputation and 
competitive advantage that were key drivers, with maintaining a societal license to 
operate no longer being sufficient but that they needed to be pro-active in addressing 
stakeholders (Section 4.5.2); 
10. Typical schemes were found to have minimal sustainability credentials, with staff 
knowledge of specific issues and client requirements being the drivers for issues that 
were adequately addressed regarding sustainability (Paper 2 and Section 4.3); 
11. Clients were found to have a disconnect between corporate level ambitions and 
integrating these into project delivery, looking for consultants to guide them.  This 
disconnect was further emphasised by clients reporting they were not comfortable to 
assess the level of sustainability understanding of their staff in relations to corporate 
ambition.  Corporate culture was recognised as being a barrier to broader adoption of 
sustainability by staff in client organisations (Section 4.5.2.); 
12. Formal change practices were found to be more readily implemented by clients, 
focussing on rules and procedures, rather than affecting values and behaviour of staff.  
Codifying, integrating learning and developing procedures (as categorised by Bertels 
et al., 2010) for sustainability were the most widely adopted tools used by clients for 
embedding sustainability (Section 4.5.2.).  However, the sponsoring organisation was 
found to be in the majority of reviewed design consultancies, in not having a 
published sustainability policy (Paper 3), despite the literature supporting its capacity 
to influence staff.  This therefore led to the recommendation of the creation of a 
policy; 
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13. Communication of sustainability issues was found to be lacking in consultancies 
compared to broader business trends in large organisations.  They were found to lag in 
implementing voluntary standards, transparency of reporting and stakeholder 
engagement.  They were also found to lag in setting targets and reporting progress, as 
well as communicating their risks and integration into operations (Paper 3) .This 
failure to communicate corporate position externally, fits with identified disconnect 
between internal senior ambition and lower level perceptions surrounding 
sustainability, as well as the disconnect between clients and consultants. 
5.4  CONTRIBUTION TO KNOWLEDGE AND PRACTICE 
The research has brought together existing knowledge and practice on sustainability (See 
Chapter 2) and applied it to the engineering and construction domains.  Through the use of a 
variety of research methods (see Chapter 3, case studies, surveys, archival analysis and causal 
loops) it has been possible to identify the influences on uptake of sustainability in engineering 
design, based on the case of an engineering consultancy through looking at staff 
understanding and awareness (Section 4.2), current levels of design (Section 4.3), how 
companies communicate on sustainability (Section 4.4) and how clients are engaged with the 
agenda (Section 4.5).  The research has examined how the influences of the organisation and 
its clients influence the decisions made in design.  The research has used causal loop diagrams 
to understand how the findings are connected and supplemental literature to propose potential 
other links that might be beneficial for future research (Section 5.2 and 5.3). 
 
Little attention has been given to understanding the influences of engineers and their 
organisations to sustainability with existing research focussing on the adoption of 
sustainability in organisations in general and on specific interventions in the construction 
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process such as material choice or waste reduction.  Work on the uptake of sustainability by 
engineers has also focussed on influencing them at the degree level, but neglected engineers 
in practice.  This research therefore has contributed to knowledge of engineering 
organisations in relation to sustainability.  In addition to making recommendations for 
intervention points, it highlights a number of barriers that engineers and engineering 
organisations are facing in delivering sustainable solutions in the current regulatory and 
market conditions. 
5.5 CRITICAL EVALUATION OF THE RESEARCH 
The research has been undertaken over four years embedded in the organisation and over this 
time, there have been significant changes in the business and market place.  This has lead to 
several changes in the direction of the line of enquiry.  Due to the financial downturn the 
market that the RE was initially focussing upon changed dramatically, leading to the RE 
having to both refocus on a more general marketplace and engineering background.  This in 
turn led to a revision in the final outputs and recommendations from what was initially 
envisaged. 
 
The sample sizes used in the research have generally been limited and there is the possibility 
that they are not representative of the organisation as a whole and even less so of the wider 
industry.  It is also possible that responses have been biased, with individuals in both the 
surveys and the interviews keen to promote what they believed to be a desirable response.  
This was minimised by providing anonymity for the survey respondents as well as the 
interviewees and reassuring them that the results would not be named in any outputs of the 
research.  It was also attempted to relate findings to existing research or other sources where 
possible, as well as approaching the issue from a number of directions and seeking feedback 
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from senior members of the sponsoring organisation informally about the representativeness 
of responses which in some cases lead to further investigation to understand unexpected 
findings.  
 
The location of the RE within the business and work on ongoing projects meant that there was 
the potential for the introduction of bias by the RE when approaching subjects and bringing 
prior knowledge to the situation, being aware of this the RE attempted at all times to be open 
and staying true to the findings of the research.  To minimise the reliability issues within the 
small sample sizes (Yin, 1994) it was attempted in the case studies and interviews to gain 
insight from as broad a selection of projects and interviewees as possible, so different project 
sizes, infrastructure disciplines and organisation types were covered, to mitigate this issue. 
 
In terms of internal and external validity (Fellows and Liu, 2003; Yin, 1994), it has been 
attempted to build these into the research methodology to ensure that causal links could be 
understood and validity added by building upon existing theory and research.  To explore the 
validity of the model and recommendations further will require further research in both the 
application of the recommendations as well as outside of the business unit within the 
sponsoring organisation in which it was developed.  It will also require testing before and 
after the interventions are made, e.g. via a repeat of the survey post interventions to establish 
if a change in baseline has been achieved. 
5.6 IMPLICATIONS TO THE SPONSOR 
The research has provided the sponsor with an insight into the level of understanding and 
opinions on sustainability of its employees.  It has highlighted issues that they feel to be 
important as well as what they feel is enabling as well as blocking them from incorporating 
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sustainability into their day-to-day roles.  It has revealed differences in staff perception and 
the reality of senior manager support as well as areas in which employees would like to 
receive improvements.  An understanding of the performance of ‘typical’ business as usual 
project impacts has been established and areas of good practice identified as well as poor 
performing areas with insight into the reasons behind this. 
 
The sponsoring organisation now has a better understanding of wider corporate sustainability 
issues for engineering consultancies as well as a baseline across a broad spectrum of issues 
with its competitors.  A better understanding of what best practice looks like as well as how 
CR can be used beyond a publicity-focused issue, to one that could have significant impacts 
on staff perception and engagement if the methods in which it is implemented are adjusted. 
 
Finally, an understanding of client positions on sustainability and their future requirements 
has been established.  Areas in need of addressing identified that were unanimous across the 
clients included the need for greater engagement and looking to be led on best practice and 
challenged when not interacting with sustainability.  The challenges clients are facing in terms 
of internal levels of awareness and difficulty in relating corporate goals to the project level 
have been highlighted, as has the potential for positive intervention in this area to increase the 
strength in relationship between sponsoring organisation and client. 
5.7 IMPLICATIONS FOR THE WIDER INDUSTRY 
There has been a large amount of work exploring ways to improve the sustainability of the 
UK construction industry, but there has been less focus on the influences on engineers.  The 
work that has been in this area has either focussed on improving the understanding of 
undergraduate level engineers or providing bespoke, complex methods of impact assessment.  
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There has been very limited research on understanding corporate responsibility within 
construction, with the focus mainly being on contractors and little exploration in the role of 
CR in both the consultancy sector and the interaction of organisational issues with individual 
choices.  
 
This research has therefore addressed these gaps and highlighted the variety of interacting and 
interconnected issues that impact on an individual’s and in this case an engineer’s approach to 
sustainability.  The role of the organisation as well as the client has been shown to have 
significant influence on informing engineers’ opinions on the nature and requirements for 
sustainability and that by intervening in specific areas, it will be possible to create a shift in 
understanding and approach.  
 
This research supplements existing industry endeavours to improve the sustainability of 
construction but goes beyond calling for changes in regulation and market practices and 
recognises that the uptake of CR can have a variety of positive business impacts and in turn 
improve employee engagement on the issue.  It also recognises that clients have a key role to 
play in improving decision-making but are hindered by similar issues to consultants relating 
to staff knowledge, sustainability literacy and opinions.  Therefore, the recommendation made 
in this report to improve consultant engineers’ engagement will be equally beneficial across 
the construction industry and should drive change regardless of the speed and nature of any 
regulatory changes. 
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5.8 FURTHER RESEARCH 
The research has focused on the understanding of the factors influencing staff within the 
sponsoring organisation.  Therefore, there is room for further research in a number of areas 
including: 
 
• Applying the recommended interventions within the sponsoring organisation as well 
as developing further system and process related recommendations and assessing over 
the time the impact and change in attitudes and behaviour against the baseline already 
established in this research or using a tool such as Dunlap et al (2000) New Ecological 
Paradigm Scale.  The recommendations could be developed further and the success 
and applicability of each measured, to ensure only the most relevant are applied, a 
hierarchy of interventions based on current level of understanding could also be 
developed. 
• Further research on the role of corporate responsibility within the design consultancy 
field could be undertaken to better establish that the reported benefits being found in 
the broader business literature are being found within the engineering sector.  The 
quantification of such benefits also needs to be better understood, as financial issues 
are still seen as one of the biggest barriers to the uptake of sustainability in this 
research by both clients and engineers. 
• There is also the opportunity to continue the research by attempting to establish 
measures of sustainability embeddedness, within the construction and consultancy 
business contexts.  This would be a welcome addition to the literature on strategic 
innovation for sustainability. 
• Finally, there is potential for further work in looking at the relationship between client 
and consultant in approaching sustainability.  Clients identified the need to be led and 
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assisted by consultants to move them forward with their own goals, while also 
identifying the barrier that if they could not provide additional funding, consultants 
were reluctant to provide additional advice.  There is scope to look at what potential 
incentives are available to address and alternative funding mechanisms as well as 
impacts on relationships between organisations and more innovative working 
partnerships. 
5.9 SUMMARY 
This research has reviewed the key influences on infrastructure engineers within a design 
consultancy, related to sustainability.  This chapter has outline how the aims and objectives of 
the project set out in Chapter 1 have been met (see Table 5-1) using the a variety of research 
methods outlined in Chapter 3, including case studies, archival analysis, interviews and 
surveys. 
 
The research has found that both clients and the employing organisation have a significant 
influence on engineers’ implementation of sustainability; with the level of perceived 
organisational engagement having significant control.  Recommendations have been made to 
intervene at key points in the system influencing engineers and if these interventions are 
implemented, it is envisaged that a more sustainable practice will become adopted. 
 
The contribution of this research to the sponsoring organisation was reviewed along with how 
this research contributes to identified gaps in the literature relating to the adoption of CR in 
consultancies and the knowledge and perceptions of practising engineers to adopt 
sustainability.  
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APPENDIX C SUMMARY OF SURVEY RESPONDENTS
 Summary of survey respondents 
 
 157 
Where information was available, a comparison has been made between respondents and total staff 
populations to help understand how representative of the company the results are. By comparing staff 
grades, locations and business unit breakdown within Jacobs Infrastructure (JI) and Jacobs 
Engineering (JE) it can be seen that there is a clear correlation between respondents and total 
populations, this can be seen in Figure 6-2 , (n=403)   Figure 6-6, Figure 6-11 and 
Figure 6-14, however the one major area where the survey does not appear representative is in 
distribution of results for Jacobs UK between JE, JI, Jacobs Consultancy (JC) and others. While it 
would be expected that there would be slightly more respondents from JE than JI, the opposite was 
found with 75% of responses coming from JI, despite JI only making up 43% of the workforce. For this 
reason, the results have gone into more detail in places, breaking down results within JI. It has yet to 
be explained why the response was so skewed but it is believed to be related to access to the intranet 
as the major factor, with the intranet being used predominantly by JI as the results would indicate. It is 
hoped to establish the extent to which JE have access to the intranet and the analysis updated 
accordingly. Another group that seems to be under represented is T1 staff and ‘others’; where 
possible grades have been adjusted to fit within the categories used on the charts but there are a 
number of grades which have been grouped as other and from reviewing the results it is known that a 
large number of these did not respond, again this is felt to be related to intranet access and is 
expected to be explored at a later date. 
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Figure 6-1 - Respondents staff grade (n=546) 
 
 
Figure 6-2 - Comparison of total respondents against total staff by grade (n=546) 
 Summary of survey respondents 
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Figure 6-3 - Breakdown of respondents’ business unit (n=546)   Figure 6-4 - Breakdown of total staff by business 
 
 
Figure 6-5 - Jacobs Infrastructure respondent breakdown (n=403)   Figure 6-6 - Comparison of JI business unit size against respondents (n=403) 
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Figure 6-7 - Environment and Utilities respondent breakdown (n=164)   Figure 6-8 – LGS respondent breakdown (n=101) 
Figure 6-9 - Transport and Development respondent breakdown (n=96)  Figure 6-10 - Corporate services respondents’ breakdown (n=28) 
 Summary of survey respondents 
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Figure 6-11 - Jacobs Engineering business unit respondent breakdown (n=98) Figure 6-12 – Comparison of JE response compared to total staff  
 
 
 
 
 
 
 
 
 
 
Figure 6-13 - Jacobs Consultancy business unit respondent breakdown (n=26).
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Figure 6-14 - Comparison of respondents to total staff by office (n=515)
 Summary of survey respondents 
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APPENDIX D SUMMARY OF SURVEY FINDINGS 
PRESENTED TO STAFF
 Summary of survey findings presented to staff 
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Understanding staff awareness on sustainability 
 
Sustainability survey results and opportunities 
 
Two surveys were conducted in the last quarter of 2009 to gain an understanding of the 
current level of appreciation amongst staff with regards to; 
• The concepts of sustainability in relation to their work, and 
• Their opinions of the company’s leadership and commitment to this subject. 
 
The first survey was open to all UK personnel with access to the JI intranet, the second 
targeted at those who felt sustainability to be relevant to their daily role. 
 
Responses to both surveys are detailed in the table below. 
 
 
 
 
 
 
The surveys have good correlation to overall staff locations and grades and it is felt that they 
offer a good representation to the overall staff base. 
 
Key messages 
 
The key messages to be gained from the survey 
are summarised as follows: 
• There is a perception that senior 
management are not engaged with 
sustainability, however the results showed 
that the proportion of people that feel 
sustainability to be ‘totally relevant’ 
increases with grade. 
• Contradicting industry perception, our staff 
believe that we engage with sustainability at 
the earliest stage of our involvement in 
projects. 
• 51.6% of those that felt sustainability to be 
totally relevant to their work, experience 
barriers in implementation. The most 
frequent being client brief (both internal and 
external) and financial constraints. 
• Only 32.2% believe that Jacobs are active 
in promoting sustainability, whilst only 
16.9% felt that internal policy was a major 
influence to staff to consider it in their work. 
• The Jacobs Engineering Sustainability 
Report clearly provides a positive influence 
on the opinions of those that have read it. 
 
The message from the surveys is that Jacobs is well positioned to deliver sustainable 
solutions in the work we do, but that the majority of the staff feel that they lack the support, 
knowledge and resources to engage with clients to promote this important topic. 
 
Survey Eligible 
Participants 
Response Response Rate JI JE JC 
1 7156 583 8.1% 75.2% 18.3% 4.9% 
2 282 155 54.9% 76.2% 16.8% 6.3% 
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Using the survey results we have identified four target areas which serve to address staff 
concerns and offer a means to respond to changing client agendas and performance 
indicators 
 
Leadership The perception amongst co-workers is 
that our corporate agenda for sustainability is 
economically driven. As sustainability is recognised 
to be of great relevance to our work, our long-term 
goal should be for sustainability to be embedded in 
staff behaviour and design considerations, 
alongside Health and Safety and Value+. Like both 
of these examples, successful engendering of this 
lies with the example set by our managers. 
 
Corporate Commitment Our employees feel that 
the company is apathetic in our approach, this can 
be linked to the attitude we take to matters 
associated with our corporate performance and 
responsibility. It would demonstrate great 
commitment to the concepts of sustainability to 
introduce targets, measurement and reporting of 
everyday items such as energy, paper, waste, 
water etc that are visible to our employees in our 
offices. 
 
Knowledge A frequent and recurring theme 
amongst co-workers is a desire to understand 
where we have implemented measures with 
success on other projects. Rather than standard 
case study or project description sheets, it would be 
appropriate and valuable to provide two page 
briefing notes focussed on sectors and key clients 
detailing how our work contributes to their relevant 
sustainability objectives and policies. 
 
Procedures Our co-workers wish to understand 
sustainability better in order to apply the concept at 
the outset of projects. To achieve this second point it would appear relatively simple to 
include sustainability in to the client expectation survey. 
 
Engineering Doctorate Next steps: The eventual goal of the research is to develop a better 
understanding of how engineers are considering sustainability in their projects. To inform this 
next stage of the research it is intended to benchmark Jacobs in comparison to UK and US 
competitors and other business sectors to compare how organisations handle 
communications with clients and employees regarding corporate responsibility, what 
initiatives they have utilised and what benefits they perceive it has brought to their business. 
 
 Invitation  to participate in interviews 
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APPENDIX E INVITATION  TO PARTICIPATE IN 
INTERVIEWS 
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ABSTRACT 
In recent years much emphasis had been placed upon meeting the environmental and socio-
economic aims of Sustainable Development. This is being driven by Government policy and 
industry initiatives, with the main emphasis  placed on the building sector, where it is 
perceived that most benefits can be gained. Although financial incentives and drivers are 
perhaps more readily quantifiable in this market, the potential to mitigate the negative 
environmental and socio-economic impacts associated with the associated development 
infrastructure such as roads, drainage and utilities at a neighbourhood scale) may be no less 
significant, if more difficult to measure. Despite this, relatively little attention has been paid to 
the sustainable design of infrastructure. In addition, change to the UK planning system has 
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been identified as a key mechanism to deliver sustainability policy, but there appears to be a 
poor connection between planning policy and infrastructure implementation practices. 
Sustainable construction, planning policy and the notion of the engineer’s role in sustainable 
infrastructure are explored in this paper, which concludes by presenting four areas where 
improved dialogue between stakeholders and enhancement in the engineer’s role at an early 
stage could enhance sustainability in infrastructure development projects. 
 
KEYWORDS 
Sustainable Development, Infrastructure, Planning Policy, Projects, Civil Engineer 
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Introduction 
 
Sustainable development has been on the political horizon for twenty years but only in the last 
decade has it begun to be enshrined in the political system. Sustainability is generally 
considered to involve the protection of the environment and resources while ensuring 
economic equity and social inclusion.  
 
The construction industry is one of the largest sectors in the UK providing work for 2.1 
million people, generating nearly 10% of GDP. Throughout its construction, operation and 
maintenance, the built environment contributes nearly 50% of all carbon emissions, 33% of 
landfill waste, and consumes 13% of raw materials and 50% of water (DTI, 2006; BERR, 
2007). These figures show clearly why the sector needs to be a leader in embracing 
sustainability to minimise its detrimental impact and mitigate negative impacts on future 
generations. Whilst much progress has been made in some areas such as building design, 
waste and procurement, there is still much room for improvement. Civil Engineering and the 
development of infrastructure is one of the areas which seems to have attracted little direct 
attention. This involves the delivery of key transport infrastructure, utilities, and services, so it 
is essential that engineers are aware of the principles behind sustainable development and the 
ways in which they can help. Engineers will need to work more closely with planners and the 
planning policy which has been devised to deliver sustainable development (ODPM, 2005a) 
at both the national and local level.  
 
This paper sets out to review the nature of sustainable development of infrastructure projects, 
by first setting out the policy context in the UK in terms of sustainable construction and 
planning; it then attempts to characterise what is meant by sustainable infrastructure, followed 
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by an analysis of how well or otherwise the currently available assessment methods for 
construction projects address key sustainability issues in UK policy. The paper concludes 
with a call for a unified conversation about the delivery of sustainability in infrastructure 
projects. 
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Sustainable development strategy – from theory to application 
 
Sustainability is a term that is used widely and interchangeably throughout all sectors and has 
any number of meanings to the individual or group depending upon context and 
understanding (Adejunti 2006). The Brundtland Report (WCED 1987) identified the 
importance of environmental protection and the social importance of not depriving other 
citizens and future generations, underlying principles that have been built upon and adapted in 
several notable models that have split the idea of sustainable development into three areas: 
environmental protection, social equity and economic prosperity. The most notable of these 
was created by Elkington (1994) who attempted to look not just at potential economic gains 
but also at positive or negative social and environmental impacts that their actions may have, 
emphasising the importance of corporate responsibility. This is often referred to as the triple 
bottom line or three pillars which place equal emphasis on balancing all three components. 
The UK’s first strategy on sustainable development was issued in 1994 and set out the 
Government’s general principles, objectives and approach to environmental issues (DOE 
1994). The UK strategy has been continually updated and the current version (DETR, 2005) 
sets out four priority areas: 
• Sustainable Consumption and Production 
• Climate Change and Energy 
• Natural Resource Protection and Environmental Enhancement 
• Sustainable Communities 
 
Although the Government has been looking at ways to address sustainable development since 
the early 1990s, it is only since 2000 that it has turned its attention to the construction industry 
(Rydin, 2006). Construction is recognised as being of major importance to the successful 
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delivery of the UK sustainable development agenda (DETR, 2000); it clearly affects the 
delivery of all four priority areas of the UK’s  sustainable development strategy (2005) and 
underpins many of the 68 headline indicators, such as CO2 emissions, aggregate extraction, 
water resource use, waste created by construction and demolition, land use, productivity and 
road freight. Maine (2007) believes that the construction sector is unique because it can touch 
upon the majority of the sustainability agenda; it can influence both short term (construction) 
and medium-long term (maintenance and use) goals. The main purpose of sustainable 
construction is to apply the principles of sustainable development, conserving present 
resources for the benefit of the future generations, to the construction sector (Kibert, 2007).. 
This definition though, and many others, struggle to grapple with the scale and fuzzy 
boundaries of the sector which can range from material extraction, product manufacture, 
transportation, demolition, building services as well as design and even urban planning 
(Kibert, 2007; Rydin, 2006). In fact, the majority of definitions focus on environmental 
aspects, but fail to capture the more holistic nature of sustainability. In addition, there is the 
need to define not only the actual construction process, but also pre-construction (planning 
and urban design) and post construction (maintenance, operation and deconstruction), in a 
more cross-cutting way (Hill and Bowen 1997; Rydin 2006; Shah 2007). The notion of a 
‘cradle to grave’, life-cycle approach is more commonly being seen as an essential principle 
(Bjorn, 2005; Hill and Bowen, 1996, citing Wyatt 1994; Mirza, 2006). In response, much of 
the literature now forms a consensus on what sustainable construction should involve, both in 
terms of its place within a sustainable development agenda and within the industry itself. 
Table 1 provides a summary of the key themes associated with sustainable construction. 
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Table 9 - Key Sustainable construction themes (Hill and Bowen (1997), Parkin et al 
(2003), Adejunti (2006), Pearce (2006), Rydin (2006), Kibert (2007), BERR (2007) and 
DTI (2006)). 
Social Economic Environmental 
Health and Safety 
Communities 
Skills 
Stakeholder Satisfaction 
Inclusiveness 
Procurement 
Supply Chain 
Profitability 
Competitiveness 
Growth 
Resource consumption 
Energy Efficiency 
Waste 
Climate Change 
Water consumption 
Biodiversity and Habitat 
Land use 
All that said, legislation is now seen as the main driver for sustainability in the built 
environment (CIBSE  2007a). In 2008 BERR released its ‘Strategy for Sustainable 
Construction’ which aims ‘to provide a catalyst to achieve a step change in sustainability of 
the procurement, design, construction and operation of all built assets’, this built upon the 
DETR strategy (2000) and research into improvements in the industry (DTI, 2006). The 
BERR strategy was developed within the context of four principles set out in ‘Securing the 
future’ (2005) and ‘Rethinking Construction’ (Egan 1998; which is still seen as industry’s 
principal driver for change). The strategy also has a crossover with the Egan Review (2004) 
which reviewed the skills needed for industry workers to meet the sustainable communities’ 
agenda (ODPM, 2003). The BERR strategy does not aim to act as new legislation but tackle 
the gaps in existing legislation to provide a more sustainable built environment (BERR, 
2007), through: 
• Procurement – Integrated teams and supply chains to carry out 50% of projects by 
value by end of 2007 and complete review of Public procurement strategy.  
• Design – BREEAM ‘Excellent’ standards for all new build on Government estate, 
greater industry take up of Design Quality Indicators 
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• Innovation – Increase in industry undertaking innovative work and uptake of EU 
schemes. 
• The People Agenda – Tougher targets for the reduction of Health and Safety incidents 
and increased staff training and retention. 
• Better Regulation and Business Support Simplification 
 
In addition, four key areas are to be improved: 
• Climate Change – All new homes zero carbon by 2016, increased energy efficiency 
across the board. 
• Water – Reduced consumption across the sector and consultation on adoption of 
Sustainable Urban Drainage Systems (SUDs). 
• Biodiversity – Aim to maintain and increase biodiversity. 
• Waste and Materials – Zero waste to landfill by 2020 and greater use of ‘green’ 
materials. 
 
One notable omission from the BERR document is planning, energy and infrastructure. The 
first two are excluded because they are being reviewed and legislated sufficiently (see next 
section) and infrastructure because it is believed that the Civil Engineering sector is 
developing its own strategy (BERR 2007). However, several industry bodies (e.g. CIOB 
2007; CIC 2007; QPA 2007) have voiced concern that the omission of civil engineering is far 
from desirable and will not lead to a holistic, joined up solution. This is reinforced by Rydin 
et al (2006) who observe that the industry will try to fill the smallest possible definition of 
sustainable development, rather than aim to place itself at the centre of creating a sustainable 
built environment, which is a theme which will be explored throughout this paper. 
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Sustainability in planning 
 
In addition to considering sustainable construction, the scale of civil engineering projects 
necessitates some discussion of the UK planning policy context. Planning aims to set out the 
most appropriate use of collective space and is implemented at a national, regional and local 
level to maximise its impact and potential for success along with delivering environmental 
and social justice (Gunder, 2006; Prior and Williams, 2008). The UK Government has 
committed itself to the promotion of sustainable development through the planning process 
and urban design principles: ‘…sustainable development is the core principle underpinning 
planning.’ (ODPM, 2005a). The 2004 Planning and Compulsory Purchase Act, which is 
replacing previous arrangements under the Town and County Planning Act 1990, aimed to 
make the planning process simpler, faster and more inclusive for local communities. It set in 
place Regional Spatial Strategies (RSS) with the aim to establish regional objectives for 
development in particular relating to employment and transport needs but also housing 
requirements (English Partnerships, 2006) and in Section 39 of the Act it also sets in place for 
Local Authorities (LA) with regards to RSS Strategies and Local Development Documents to 
“…exercise the function with the objective of contributing to the achievement of sustainable 
development” (Planning and Compulsory Purchase Act, 2004).  
 
These aims are delivered through Local Development Frameworks (LDF), consisting of for 
example a Statement of Community Involvement, Supplementary Planning Documents and 
Area Action Plans (DTI and Faber Maunsell, 2008). The Planning and Compulsory Purchase 
Act (2004) also made it a requirement that all RSS and Local Development Documents 
(DPD) receive a sustainability appraisal (SA) in line with European Strategic Environmental 
Assessment (SEA) Directive (Directive 2001/42/EC) which aims to ensure that 
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environmental, social and economic considerations are taken into account in the preparation 
of strategic documents (ODPM, 2005b).The Planning Act (2008) built upon Planning for a 
Sustainable Future: White Paper which itself built on two major Government commissioned 
reports (the Barker Review of Land Use Planning (DCLG 2006) which called for a more 
responsive, less bureaucratic and streamlined planning system and the Eddington Transport 
Study ( DfT 2006) which highlighted the need for reform on major infrastructure projects and 
greater clarity on Government policy). Several elements of the Planning Act came into force 
in April 2009, including the removal of the need for a SA of supplementary planning 
documents  and introduction of a Community Infrastructure Levy to better allow councils to 
raise funds to support infrastructure needed for growing communities.  
 
It is the Department for Local Government (DCLG) that oversees the implementation of a 
number of statutory guidance documents relating to planning that include Planning Policy 
Guidance (PPG), and Planning Statements (PPS) which will eventually supersede PPGs. 
These set out the policy, together with guidance for LAs when devising local plans and 
making planning decisions. Of these, Delivering Sustainable Development  (and Planning and 
Climate Change: Supplement to PPS1) has been supplemented by PPS: Planning and Climate 
Change covering resilience to the effects of climate change and promote sustainable energy, 
transport, and growth. It calls on planning bodies to identify potential locations for 
decentralised power generation and integration of climate change considerations. It 
encourages LAs to embrace innovation and sustainable construction (DCLG, 2007a). Cooper 
(2006) suggests however that a lack of Government regulation has lead to LPAs producing 
their own Supplementary Planning Documents with an emphasis on environmental 
performance of buildings. This has resulted in a ‘post code’ lottery for developers (Cooper, 
2006), with some avoiding areas with onerous guidelines, which could have time and 
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financial impacts on profitability of all development (Cole, 1999). Further concerns that have 
been raised regarding recent planning policy changes are, that: 
• much of the theory is poorly researched and that planning has a limited effect on 
behavioural change (Williams, 2006);  
• the Barker Review was incorrect in that it assumed the role of planning policy was to 
deliver economic growth (Campaign for the Protection of Rural England, 2007); 
• the influence of SA at the regional level is slight due to it being unclear how SA can 
influence policy (Levett-Therivell, 2007); and,  
• at regional level there is more concern for SA being legally compliant than effective 
(SDRN, 2008). 
 
Finally, within both the Building Regulations and planning policy much emphasis has been 
placed on delivering energy efficient homes and buildings, leading to reductions in carbon 
dioxide, while increasing housing supply. However little attention is paid to the infrastructure 
that serves the development (namely roads, utilities and drainage etc).  
 
Sustainability in infrastructure 
Changes to planning policy and the development of Government strategy on sustainable 
development and construction have resulted in a clear emphasis on the development of 
efficient, low energy, ‘green buildings’ and assessment techniques for energy and resource 
use, indoor environmental quality and ecological loadings (Cole, 2005; Kaatz et al, 2006). 
Resulting advances in sustainable construction can and will have some influence on the 
development of more sustainable infrastructure, but to date there has been far less attention 
paid to the ‘greening’ of infrastructure (Yau-Huang and Hung-Yeh, 2008). Unlike buildings 
and facilities, infrastructure displays less obvious ongoing costs; there are fewer, less frequent 
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bills to be paid and so it can be harder to demonstrate that savings can be made. Despite the 
possible deterioration of a piece of infrastructure and subsequent increased costs in its 
maintenance, plus the environmental and social impacts, little is done by infrastructure 
operators to seek innovative solutions in operation or in procuring new projects (Hartshorn et 
al, 2005). Possible reasons for this include a perceived increase in potential costs, risks and 
fear of the untested or untried (Hartshorn et al, 2005; Roberts and Sims, 2007). The lack of 
attention to infrastructure is particularly surprising given that highways, drainage systems and 
utilities supply all have a major impact on the priority areas for national sustainable 
development (Reid et al 2008; Meng-Li and Lin, 2005; Forman and Alexander, 1998), for 
example through: 
• the consumption of large quantities of primary and secondary construction materials 
and generation of waste; 
• some of the most heavily consumed materials, cement and asphalt, require large 
amounts of energy in their production and transportation leading to significant green 
house gas (GHG) emissions; 
• depletion of natural resources leading to environmental degradation along with loss of 
natural habitats and major impacts (visual, increased noise, increased emissions, loss 
of habitat etc.); and, 
• incorrectly specified infrastructure failing to support the behavioural changes required 
to deliver sustainable communities and transport. 
 
For the infrastructure sector to realise its potential to drive change though will require a shift 
away from the traditional project objectives of cost, time and quality which are used as the 
current paradigm through which we view a project, define the problem space and develop 
solutions that are suitable to meet these three needs (Fenner et al, 2006; Gambatese and 
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Rajendran, 2005). Various work has started to examine the wider issues that should be 
considered in infrastructure delivery but much of this has been restricted to a narrow part of 
the sustainable development agenda. The main emphasis has been on environmental issues, 
but even more so, has focused mainly on recycling and reuse of materials, waste reduction 
and energy efficiency in infrastructure construction and maintenance. These three areas are 
important in tackling resource use, but cannot alone deliver a sustainable project. That said, it 
is encouraging that these practices are becoming more mainstream; first on the policy side, 
with local authorities setting minimum targets for materials such as recycled aggregates and 
waste to landfill in their supplementary planning documents, and secondly, on the supply side 
where take-up is also widespread amongst contractors who have found economic benefits 
through reduced landfill costs and reduced need for primary materials. On a broader scale 
however, various research studies (e.g. Lim and Yang 2006; Sahely et al 2005; Ugwu and 
Haupt 2005) have attempted to identify the scope of sustainable infrastructure and relevant 
indicators and how these relate to the delivery process. A selection of reoccurring themes can 
be identified and a conceptual framework identified by Lim and Yang (2006) is shown in 
Figure 1, which shows clearly the vast range of issues associated with the delivery of a 
sustainable infrastructure project. 
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Figure 1 – Conceptual framework for a sustainable infrastructure project (Lim and 
Yang 2006) 
 
 
Given that such a wide range of issues should be encompassed within sustainable 
infrastructure, it is understandable that a significant body of research is developing related to 
tools and assessment methods that are said to aid project teams in managing and delivering 
sustainable construction. BRE (2004) and the SueMOT project (Levett-Therivell 2004) 
identified in excess of 600 tools related in some way to evaluating at least one of the ‘three 
pillars’, including distinct types of tool, urban planning, design, rating system, LCA (Life 
Cycle Analysis) tools and infrastructure. While it was found that nearly all these tools did 
address environmental issues, few addressed the holistic nature of sustainability (which also 
reflects Rydin et al’s (2006) observations). Of these tools, the Civil Engineering 
Environmental Quality Award and Assessment Method (CEEQUAL) (www.ceequal.com) is 
widely recognised as being the only definitive tool for the assessment of environmental 
impact due to infrastructure works (Levett-Therivell 2004; PETUS 2006; DTi 2005; PERSI 
2005) and is the BREEAM equivalent for infrastructure developed in the UK to reward 
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projects that go beyond legal requirements and use best practice in civil engineering works 
(PETUS, 2006). Although other tools are being developed, they are broadly based on 
CEEQUAL (PERSI 2005) or similar approaches (Ghumra et al, 2009). CEEQUAL does not 
take into account economic effects, but it does look at social and environmental dimensions 
through a weighted scoring system that requires qualitative and quantitative date to provide a 
numerical score upon completion (PETUS 2006). It does however have a number of 
drawbacks that have been recognised which include it not addressing the holistic nature of 
sustainability and placing emphasis on environmental best practice; it is also seen as being 
‘shallow’ in its coverage of community and economic issues (Levett-Therivell, 2004), 
although CEEQUAL has been revised recently to address some of these shortcomings. 
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Discussion: towards a unified conversation on sustainability in infrastructure projects 
Having established that sustainable infrastructure is a cross-cutting concept which 
encompasses both planning policy and sustainable construction, it is appropriate to question 
whether the available assessment tools are really offering credible approaches for the civil 
engineer to use in developing sustainable projects. Reviewing the available guidance from a 
variety of sources including CEEQUAL, the SEEDA checklist and others (CIBSE, 2007a; 
CEEQUAL, 2008; DCLG, 2009; BRE, 2008; SEEDA, 2008; and BERR, 2007) there appears 
to be a consensus on the key topics that civil engineers and planners both need to understand 
and consider when looking for solutions to deliver sustainable developments. A summary of 
these themes can be seen in Table 2. 
 
TABLE 2: Delivering sustainable infrastructure: a comparison of policy issues and 
available assessment methods.  
  
Document 
BRE 
Checklist for 
development 
(Brownhill 
and Rao 
2002) 
CEEQUAL 
(2008) 
SEEDA 
(2008) 
Sustainable 
Construction 
Strategy 
(BERR 
2008) 
Code for 
Sustainable 
Homes 
(DCLG 
2009) 
BREEAM 
Communities 
(BRE 2009) 
Policy   
Energy and CO2 X X X X X X 
Water X X X X X X 
Waste X X X X X X 
Ecology X X X X X X 
Land Use X X X    X 
Procurement   X       
Climate Change   X X X  X 
Sustainable Transport X X X    X 
Health or well being   X    X   
Materials   X X X X X 
Management   X    X   
Resources X X X    X 
Business X   X X  X 
Community X X X     X 
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Looking at these criteria it is clear that the same topics are recurring most of which are 
considered by the assessment methods at various stages of the construction process from 
concept/ pre-planning to construction and, in some cases, operation and maintenance. Built 
environment professionals are hence being asked to address the same themes, but are 
engaging with the issues at different stages of the construction process which is far from ideal 
if a project is to deliver a sustainable outcome. While the planning system has (historically at 
least) not been the vehicle to explicitly deliver environmental protection, it does have the 
potential to significantly mitigate environmental impacts in the future and connect 
stakeholders through community engagement to raise environmental concerns (Maine, 2007). 
This is critical for built assets as important as infrastructure is one of the principal delivery 
mechanisms of the wider sustainability agenda through helping drive a nations prosperity, 
public health, standard of living and competitiveness (Mirza 2006), but has been shown to 
cause impact on surroundings over many centuries (Boyle and Coates, 2005); therefore, the 
sustainability of location, design, operation and maintenance should be considered at the 
earliest opportunity. If a development is to aspire to being sustainable then it is essential that 
this is considered from the inception, with engineers being involved at the point when there is 
the greatest likelihood of delivering the most beneficial solutions at the lowest cost (Mayor of 
London, 2006; CIBSE, 2007a); failure to consider or engage suitable stakeholders regarding 
sustainability early on or treating it as an add-on to the design later on are among the most 
common reasons for projects to fail in the long term (Williams and Dair, 2007).  
 
There is also a strong argument in the literature for built environment professionals to 
improve their sustainability literacy if they are to be able to maximise their potential to 
minimise the impact of new developments on future resources and generations as well as meet 
current legislative drivers (Forum for the Future, 2000; CIBSE, 2007b;RAE, 2005). While 
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those engaged in the delivery of the built environment cannot be expected to, nor would it be 
desirable for them to attempt to be experts in the huge range of topics that are bannered under 
sustainability, there is a very clear case for them to have a far greater understanding and 
familiarity of the new environmental, social and economic issues that they may now 
encounter (Davidson et al, 2007). With this improved literacy should also come the increased 
awareness of the consequences of poor design, the correct time to engage other professions, 
stakeholders and the potential to frame success and/or performance of a project through its 
ability to minimise its impact on the planet and communities (Davidson et al, 2007; Murray 
and Cotgrave, 2007; Forum for the Future, 2000).  
 
From this discussion, it is possible to identify four clear changes that are required to the 
current way of working on development projects such that these improvements can happen. 
 
1. Engineers need to have far greater involvement in the early engagement of stakeholders. 
This which is widely recognised as being essential for the successful delivery of projects, 
which are sustainable on all levels (Llewelyn-Davis, 2000). In their review of stakeholder 
influence on brownfield redevelopment, Williams and Dair (2006) found that most 
stakeholders aimed to pass minimum standards, such as Building Regulations, rather than 
surpass them and create sustainable projects. They also found that the timing of engaging 
stakeholders and variety of those involved had a major impact, with many stakeholders 
simply not regarding sustainability as a measure of success due to lack of knowledge and poor 
understanding of the technical issues.  
 
2. Engineers should use their technical skills to educate and influence decision makers.  
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For instance, when planners are engaging communities, engineers have a important role to 
play in providing technically feasible and innovative solutions to realise designers’ visions 
which can disenchant communities when it becomes apparent that the vision presented pre-
planning is very different from that which is delivered (Boyko et al, 2006). Engineers should 
also look to question the design brief and ask questions of the stakeholders regarding ethical 
and environmental issues rather than purely technical issues in an effort to create a more 
holistic project and also fulfil their role as good citizens (Forum for the Future, 2000; The 
Royal Academy of Engineering, 2005).  
 
3. Engineers need to be allowed to look beyond project/site-specific problems and begin to 
look at the larger issues and systems.  
Often the infrastructure that is being developed is already limited in the solution than can be 
found by the constraints of a larger network, be it electricity distribution, highways or water 
etc. which is reinforced by the assumption that these existing systems are sufficient and still 
relevant in a resource-constrained and climate-changed future. Planners and policy makers 
should be engaging with engineers far more than is the current norm when it comes to 
discussing and setting medium-long term local, district and regional strategies so that they can 
be based on technically feasible solutions whilst minimising their impact on future 
generations (Fenner et al, 2006; Boyle and Donnelly, 2006) although there are those who 
disagree, saying that engineers work in silos, dividing work into its smallest components, 
citing past engineering blunders as well (McCully, 1991; Cruishank and Fenner, 2007; 
Campbell, 2002)  
 
4. Planners and engineers should work more closely to develop indicators and benchmarks 
relating to the delivery of sustainable infrastructure.  
 Paper 1 
 
189 
 
Whilst working together to create feasible and efficient growth and development plans, 
indicators and goals provide an effective way to drive and deliver a change in the way 
infrastructure is provided (Sahely et al, 2005). Now it is becoming clear that both parties have 
a common consensus on the issues that need to be tackled, it would make sense that common 
targets are developed. Although some planning authorities have been proactive in this area 
using supplementary planning documents to demand energy and water efficiency 
improvements, particularly in buildings (Pickvance, 2009), more can be done to ensure that 
the impact from infrastructure projects is minimised. However, it may never be desirable for 
planning authorities to set targets that were not feasible, yet based on sound engineering 
principles and judgement. 
 
Conclusions 
It is clear that the delivery of sustainability within infrastructure projects is not just about the 
cross cutting industry themes of energy reduction, resource conservation, waste minimisation 
and climate change mitigation etc. but is about is about a far wider and long term commitment 
to create a better, healthier infrastructure to support society in the long term. Planning policy 
has been identified as one of the key mechanism that has been tasked with the delivery of this 
ambitious ideal but it is recognised that it can not deliver it alone. While engineers have many 
of the skills and the potential to influence the wider agenda, in their current role they are not 
suitably positioned to maximise their impact.  Engineers, planners and all professionals 
working in the built environment are going to be required to expand their knowledge of 
‘sustainable development’ and adapt their role accordingly. Four recommendations have been 
made that the authors believe will allow Engineers to have a greater impact on the future of 
sustainable construction by redefining their role to work more closely with planners and 
planning policy to allow for greater influence on the development of our built environment. 
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ENVIRONMENTAL AND SUSTAINABILITY IMPACT ASSESSMENT OF 
INFRASTRUCTURE IN THE UK 
 
ABSTRACT  
With sustainability now embedded within the legislation and development policy of the 
United Kingdom, the issues it considers are beginning to be implemented within the design 
and construction process. Methods to assess the sustainability of construction projects have 
been in development since the early 1990s but to date the majority have focused on the 
building sector, with little consideration for the detailed assessment of civil engineering 
projects. In addition the tools developed have rarely considered sustainability in its widest 
sense, instead concentrating on the more quantifiable aspects of the environment, ecology and 
building material use. 
The UK civil engineering industry has attempted to fill this gap with the development 
of CEEQUAL (Civil Engineering and Environmental Quality Assessment and Award 
Scheme). Whilst assessment using the scheme is voluntary, it is seen a benchmark for 
assessing the environmental and social impact of infrastructures. This paper presents the 
background to sustainability assessment for projects in the UK and the development of the 
CEEQUAL, highlighting areas for improvement. It then presents the results of a back analysis 
for three infrastructure projects using CEEQUAL to assess the design teams compliance and 
comprehension of sustainability issues within their projects. It concludes that while 
infrastructure design teams are likely to engage with sustainability issues in assessment areas 
where they have previous experience (such as environmental impact and biodiversity), more 
educations is required to encourage increased awareness in the relatively new areas of design 
assessment including minimizing carbon-footprint, material specification and material use and 
re-use.  
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INTRODUCTION  
Sustainability is generally considered to involve the protection of our environment and 
resources while ensuring economic equity and social inclusion for all. Sustainable 
development has been on the political horizon for twenty years but only in the last decade has 
it begun to be enshrined within policy and legislation. 
The United Kingdom (UK) Government has made commitments to the ambitions of 
sustainability since 1994 (1) when it produced its first UK strategy for sustainable 
development. This has since been reviewed and updated, and has also lead to a sector specific 
strategy for the UK construction industry in 2008 (2). 
The construction industry is one of the largest sectors in the UK providing work for 
2.1million people, generating nearly 10% of GDP. Through its construction, operation and 
maintenance, the built environment contributes nearly 50% of all UK carbon emissions, 33% 
of landfill waste, and consumes 13% of raw materials and 50% of water (3)(4). These figures 
illustrate why the sector needs to be a leader in embracing sustainability to minimize its 
detrimental impact on the planet and mitigate the negative impacts on future generations. 
Whilst much progress has been made in moving sustainability forward in some areas, 
(namely building design, waste and procurement) there is still much room for improvement. 
Civil engineering and the delivery of transportation infrastructure is one of the areas where 
little direct attention has been focused. Therefore it essential that engineers are aware of the 
principles behind sustainable development and the ways in which they can help in its delivery 
to guarantee a more secure future for all. 
To allow engineers to be able to play their vital role in the delivery of sustainable 
development it is essential that robust methods of assessment are developed and used to help 
better inform decision making at the appropriate opportunities (5). The growing regulatory 
and institutional emphasis on sustainability issues has lead to the development of a variety of 
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assessment methodologies which currently focus predominantly on the environmental aspects 
and consequent impacts of construction projects.  
This paper provides a review of the sustainable infrastructure assessment 
methodologies available to the UK construction sector before going on to look at a 
methodology developed by the Institution of Civil Engineers (ICE), the UK Government and 
leading members of industry; specifically for the civil engineering sector, the Civil 
Engineering and Environmental Quality Assessment and Award Scheme (CEEQUAL). Three 
case studies are carried out using the CEEQUAL methodology to identify current levels of 
environmental performance in the design of a series of small projects as part of development 
infrastructure schemes, before conclusions are drawn on the key areas requiring focus from 
engineers to help improve the design teams performance on future projects. 
 
SUSTAINABLE DEVELOPMENT OF INFRASTRUCTURE IN THE UK  
Sustainability is a term that is used widely and interchangeably throughout all sectors and has 
any number of meanings to the individual or group depending upon context and 
understanding (6). Its ambiguity becomes apparent when it is understood to have anywhere 
from 200 - 500+ definitions (7)(8). There is however one widely adopted definition that is 
seen as the benchmark for what sustainability should stand for and that is Brundtland’s 
definition, according to which sustainability is a‘…development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs’ (9). 
The Brundtland Report (9) identified the importance of environmental protection and the 
social importance of providing for other citizens and future generations; these underlying 
principles have been built upon and adapted in several notable models that have split the idea 
of sustainable development into three areas: environmental protection, social equity and 
economic prosperity. 
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The UK’s first strategy on sustainable development was issued in 1994 and set out the 
Government’s general principles, objectives and approach to environmental issues (1). The 
UK strategy has been continually updated and the current version (10) sets out four priority 
areas: 
• Sustainable Consumption and Production 
• Climate Change and Energy 
• Natural Resource Protection and Environmental Enhancement 
• Sustainable Communities 
 
These four priorities are set within five guiding principles; Living within environmental 
limits, Ensuring a strong healthy and just society, achieving a sustainable economy, 
promoting good governance and using sound science responsibly. 
Although the Government has been investigating ways to address sustainable 
development since the early 1990s, it is only since 2000 that it has turned its attention to the 
construction industry (11). Construction is recognized as being of major importance to the 
successful delivery of the UK sustainable development agenda (12); it clearly affects the 
delivery of all four priority areas of the UK’s  sustainable development strategy (10) and 
underpins many of the 68 headline indicators, such as CO2 emissions, aggregate extraction, 
water resource use, waste created by construction and demolition, land use, productivity and 
road freight. Maine (13) believes that the construction sector is unique because it can touch 
upon the major elements of the sustainability agenda; it can influence both short term 
(construction) and medium-long term (maintenance and use) goals. The main purpose of 
sustainable construction is to apply the principles of sustainable development, of conserving 
present resources for the benefit of the future generations, to the construction sector (14).This 
definition though, and many others, struggle to grapple with the scale and fuzzy boundaries of 
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the sector which can range from material extraction, product manufacture, transportation, 
demolition, building services as well as design and even urban planning (11)(14). In fact, the 
majority of definitions focus on environmental aspects, but fail to capture the more holistic 
nature of sustainability. In addition, there is the need to define not only the actual construction 
process, but also pre-construction (planning and urban design) and post construction 
(maintenance, operation and deconstruction), in a more cross-cutting way (8)(11)(15).  
Legislation is now seen as the main driver for sustainability in the built environment in 
the UK (16). In 2008 the Department for Business, Enterprise and Regulatory Reform 
(BERR) released its ‘Strategy for Sustainable Construction’ which aims ‘to provide a catalyst 
to achieve a step change in sustainability of the procurement, design, construction and 
operation of all built assets’. The BERR strategy was developed within the context of four 
principles set out in ‘Securing the future’ (10) and ‘Rethinking Construction’ ((17); which is 
still seen as the UK construction industry’s principal driver for change). The strategy also has 
a crossover with the Egan Review (18) which reviewed the skills needed for industry workers 
to meet the sustainable communities’ agenda (19). The BERR strategy does not aim to act as 
new legislation but uses existing legislation and a combination of mandatory and voluntary 
targets to tackle the gaps in existing legislation to provide a more sustainable built 
environment and suggests future policy direction (4), through: 
• Procurement – Integrated teams and supply chains to carry out 50% of projects by 
value by end of 2007 and complete review of Public procurement strategy.  
• Design – BREEAM  (BRE Environmental Assessment Method) ‘Excellent’ standards 
for all new build on Government estate, greater industry take up of Design Quality 
Indicators 
• Innovation – Increase in industry undertaking innovative work and uptake of EU 
schemes. 
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• The People Agenda – Tougher targets for the reduction of Health and Safety incidents 
and increased staff training and retention. 
• Better Regulation and Business Support Simplification 
 
In addition, four key areas are to be improved: 
• Climate Change – All new homes zero carbon by 2016, increased energy efficiency 
across the board. 
• Water – Reduced consumption across the sector and consultation on adoption of 
Sustainable Urban Drainage Systems (SUDs). 
• Biodiversity – Aim to maintain and increase biodiversity. 
• Waste and Materials – Zero waste to landfill by 2020 and greater use of ‘green’ 
materials. 
Notable omissions from the BERR document is planning, energy and infrastructure. The first 
two are excluded because they are being reviewed and legislated independently and 
infrastructure because it is believed that the Civil Engineering sector is developing its own 
strategy sufficiently well (4). However, several industry bodies (e.g. (20)(21)(22)) have 
voiced concern that the omission of civil engineering is far from desirable and will not lead to 
a holistic, joined up solution. This is reinforced by Rydin et al (11) who observes that the 
industry will try to fill the smallest possible definition of sustainable development, rather than 
aim to place itself at the centre of creating a sustainable built environment. 
The Institution of Civil Engineers (ICE) strategy ‘Sustainable Development Strategy 
and Action Plan for Civil Engineering’ (23) revises an earlier strategy from 2002. This sets 
out four strategic aims for the ICE to pursue in its approach to Sustainable Development: 
• Promote strong leadership within civil engineering 
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• Embed the principles of sustainable development into everyday work activities and 
decision making 
• Build capacity for sustainable development in the industry and profession 
• Create and influence a policy framework that demands more socially and 
environmentally responsible behavior. 
 
The strategy also aims to promote the Civil Engineering and Environmental Quality 
Assessment and Award Scheme (CEEQUAL) and investigate measures for addressing climate 
change as well as identifying good practice for social aspects of corporate responsibility. It 
acknowledges current methods of work and resource consumption are unsustainable as well 
as putting an emphasis on generating stakeholder uptake of sustainability issues and the 
promotion of whole life costing and life cycle assessment. A formula for the calculation of 
carbon footprint of UK infrastructure is to be developed along with guidance on building 
sustainable roads. The major push though is on developing people and skills to be able to 
further the sustainability agenda. 
The development of the Government strategy on sustainable development and 
construction has resulted in a clear emphasis on the development of efficient, low energy, 
‘green buildings’ and assessment techniques for energy and resource use, indoor 
environmental quality and ecological loadings (24)(25). Resulting advances in sustainable 
construction can and will have some influence on the development of more sustainable 
infrastructure, but to date there has been far less attention paid to the ‘greening’ of 
infrastructure (26).  
Unlike buildings, infrastructure incurs less frequent running costs, so it can be harder 
to demonstrate the benefits of greater expenditure on constrained short term budgets for long 
term savings. Despite the possible deterioration of a piece of infrastructure and subsequent 
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increased costs in its maintenance, plus the environmental and social impacts, little is done by 
infrastructure operators to seek innovative solutions in operation or in procuring new projects 
(27). Possible reasons for this include a perceived increase in potential costs, risks and fear of 
the untested or untried (27)(28). The lack of attention to infrastructure is particularly 
problematic given that highways, drainage systems and utilities supply all have a major 
impact on the priority areas for national sustainable development (29)(30)(31), for example 
through: 
• the consumption of large quantities of primary and secondary construction materials 
and generation of waste; 
• some of the most heavily consumed materials, concrete and asphalt, require large 
amounts of energy in their production and transportation leading to significant green 
house gas (GHG) emissions; 
• depletion of natural resources leading to environmental degradation along with loss of 
natural habitats and major impacts (visual, increased noise, increased emissions, loss 
of habitat etc.); and, 
• incorrectly specified infrastructure failing to support the behavioral changes required 
to deliver sustainable communities and transport. 
 
For the infrastructure sector to realize its potential and drive change requires a shift away 
from the traditional project objectives of cost, time and quality which are used as the current 
paradigm through which we view a project, define the problem space and develop solutions 
that are suitable to meet these needs (32)(33). Various work has started to examine the wider 
issues that should be considered in infrastructure delivery but much of this has been restricted 
to a narrow part of the sustainable development agenda. The main emphasis has been on 
environmental issues, focusing mainly on recycling and reuse of materials, waste reduction 
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and energy efficiency in infrastructure construction and maintenance. Given that such a wide 
range of issues should be encompassed within sustainable infrastructure, it is understandable 
that a significant body of research is developing related to tools and assessment methods that 
are said to aid project teams in managing and delivering sustainable infrastructure 
construction. 
 
ENVIRONMENTAL ASSESSMENT METHODS  
Fenner (5) feels that to be able to engineer sustainability, it is vital that engineers have robust 
assessment methodologies available, while Hurley et al(34) adds that these methods are vital 
to aid engineers in decision making and the measurement of progress. Kaatz et al (25) states 
that ‘Sustainability assessment methods for building projects have a major role to play in 
introducing sustainability values and principles into mainstream construction’ and the 
importance of measurement methods for sustainable construction is backed up further in the 
literature (25)(35)(36)(37). 
The BRE (38) and the SueMOT project (39) identified in excess of 600 tools related in 
some way to evaluating at least one of the ‘three pillars’ of sustainability, including distinct 
types of tools for, urban planning, design, rating systems, LCA (Life Cycle Analysis) tools 
and infrastructure. While it was found that nearly all these tools did address environmental 
issues, few addressed the holistic nature of sustainability and this is noted elsewhere in the 
literature (7)(25). Kaatz et al (40) suggests this may be due the difficulty in measuring the 
intangible benefits of social, cultural and economic aspects of sustainability and is supported 
by Rydin (11) who believes that the industry attempts to fit the smallest definition of the 
problem space as possible. Xing et al (41) states that the current assessment methods are not 
holistic in their assessment and cannot therefore be described as sustainability assessment 
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tools, while this may be the case, with their increasing adoption and requirement in public 
procurement in the UK it is likely that they will continue to be used for the foreseeable future. 
While this may not be ideal there are a number of benefits to be gained from the use of 
these environmental assessment methods (EAMs) including improved teamwork, 
multidisciplinary dialogue and increased opportunities to tender (42) as well as promoting 
environmentally conscious construction and assisting in the delivery of market and regulatory 
needs (43). Fenner and Ryce (44) add that these methods can drive change in the supply chain 
and manufacturing markets, define benchmarks for performance within the industry and aid 
policy making. 
However, EAMs are not without their critics (36)(44); they can lead to ‘point-hunting’ 
which wastes resources to try and score points, they can not always be context specific and 
tend to address too narrower section of the built environment, focusing on the project and not 
its wider implications, they also need regular updating to align with the latest ideas on what 
constitutes best practice, require accurate qualitative and quantitative inputs (often based on 
assumptions by the designer that can undermine the environmental benefits of the assessment 
method). 
A selection of the tools most often used in UK construction at the project level 
(36)(45)(46) are considered below before moving onto look at CEEQUAL, which is seen as 
the most suitable for assessing infrastructure: 
 
BREEAM established in 1990 is the definitive standard in the UK for environmental best 
practice of buildings and can be used for an increasing variety of developments including 
commercial, industrial, leisure and laboratories, schools, retail and most recently 
communities. It lacks social and economic detail but this will be addressed in the future.  The 
issues it incorporates include management, energy use, health and well being, pollution, 
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transport, land use, ecology, materials and water. Credits are awarded against specific criteria, 
depending upon performance in each category as judged by external qualified assessors. The 
total credits are then tallied to give a final score of Pass (>25% points), Good (>40% points), 
Very Good (>55% points) , Excellent (>70% points) and Outstanding (>85% points).  The 
scheme is reviewed regularly to keep it up to date with regulatory requirements and adjusted 
accordingly. It is now specified as a requirement for all publicly procured buildings. 
 
SPeAR (Sustainable Project Appraisal Routine) is a design tool developed by the consultants 
Arupthat aims to inform decision-making and aid delivery of sustainable developments. It is 
based on a radar diagram split into four quadrants looking at social, economic, environmental 
and prudent use of resources. Attempting to address sustainability holistically no weighting is 
added to any of the twenty or more sub themes; these can be adjusted by the client and design 
team to suit the specific project requirements. Criteria are scored qualitatively from -3 to 3 
and a web diagram produced providing a strong visual representation of how the project 
performs, with closer to the centre representing the most sustainable aspects. 
 
SEEDA (South East England Development Agency) Development Checklist was the first tool 
developed by a Regional Development Agency although nearly all have their own versions 
now, covering all of England. It can be used to demonstrate or review the sustainability 
credentials at the planning stage of a project and how it meets the regional sustainability 
issues, covering issues such as land-use, energy, water and transportation. 
 
CSH (Code for Sustainable Homes) aims to deliver zero carbon homes in the UK by 2016 by 
phased integration into the Building Regulations. Mandatory for all new homes it scores 
buildings on topics including energy efficiency, water consumption, surface water run off, 
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waste, pollution, health and wellbeing, management and ecology. It is based on the original 
EcoHomes methodology and as such awards a points score for performance, where Level 3 is 
currently mandatory, with Level 6 (zero carbon) being required by 2016. It is owned by the 
UK Government but overseen by the BRE who train the licensed assessors to carry out the 
awards. 
 
CEEQUAL (Civil Engineering Environmental Quality Assessment and Award Scheme) is a 
voluntary scheme to recognize best practice in civil engineering regarding environmental 
sustainability and will be discussed in depth in the next section. 
 
CEEQUAL  
While there are many tools available to the construction professional, the Civil Engineering 
Environmental Quality Award and Assessment Scheme (CEEQUAL) (www.ceequal.com) is 
widely recognized as being the only definitive tool for the assessment of environmental 
impact due to infrastructure works (3)(39)(47)(48) and is the BREEAM equivalent for 
infrastructure. 
CEEQUAL began to be developed in 2000 by the UK Institution of Civil Engineers 
(ICE) with Government funding and the support and involvement of forty industrial partners 
representing clients, consultants and contractors. In 2003 following extensive testing in 
industry the scheme was launched with the first eight awards being given. Since then the 
scheme has been revised several times to take into account changes in regulations and to 
update the scheme to reflect current thinking on best practice. The scheme plays a key role in 
the ICE Sustainable Development Strategy and Action Plan discussed earlier. 
The scheme looks to promote best practice in the environmental and more recently 
social performance of civil engineering schemes by assessing and benchmarking performance 
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to reward schemes that go beyond legal compliance. To date in excess of £8billion of 
construction has been registered for assessment under the scheme, with close to 40 schemes 
receiving awards (49).  
Similar to BREEAM it is a credit based assessment method with twelve sections to be 
assessed over. The twelve sections have had a weighting applied and are broken down as 
follows: 
1. Project Management, 10.9% 
2. Land use,  7.9% 
3. Landscape issues, 7.4% 
4. Ecology and Biodiversity, 8.8% 
5. The Historic Environment, 6.7% 
6. Water Resources and the Water Environment, 8.5% 
7. Energy and Carbon, 9.5% 
8. Material Use, 9.4% 
9. Waste Management, 8.4% 
10. Transport, 8.1% 
11. Effects on Neighbors, 7.0% 
12. Relations with the Local Community and other Stakeholders, 7.4% 
 
The twelve sections contain a total of 208 questions which total 2000 points. Each 
question provides an overview of why the questions are being asked and what is considered 
suitable evidence to satisfy the requirements of receiving the credits. The scores for each 
credit are split out to represent the role of client, designer and contractor, so that each member 
is scored according to their relative potential to influence the credit. The questions vary from 
simply scoring points for yes/ no type questions asking if certain investigations have been 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
engineering consultancy 
214 
carried out to questions where the score varies depending on the level of achievement, for 
example the percentage of waste diverted from landfill. Some questions also have scores 
broken down into stages depending on for instance; if observations were made, were they 
assigned to someone, did that person action the observations, so again rewarding the level of 
implementation. 
 
The awards that are available include: 
1. the Whole Project Award (WPA), applied for jointly by or on behalf of the Client, 
Designer and Principal Contractor 
2. the WPA with an interim Client and Design Award 
3. the Client and Design Award 
4. the Design-only Award 
5. the Construction-only Award 
6. the Design and Construction Awards 
 
Assessments are undertaken by a qualified assessor who has attended a training course 
run by CEEQUAL Ltd and using the CEEQUAL Manual which provides guidance on what 
the questions require and what counts as suitable evidence. The assessor is most often a 
member of the project team and is responsible for scoping out questions that are of no 
relevance to the scheme (not all questions can be scoped out and guidance is given in the 
scheme manual on which questions can be removed), collating evidence and scoring the 
schemes performance. The assessor also works with the scheme verifier who is appointed by 
CEEQUAL Ltd. upon registering the scheme. The verifier is external to the project and 
companies involved and provides an independent review; the verifiers approval is also 
required for questions to be scoped out as well as checking evidence suitability and relevance. 
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The scores are recorded using a spreadsheet that when completed to the assessors and 
verifiers satisfaction, is sent to CEEQUAL Ltd for approval. Awards are given as Pass (over 
25%), Good (over 40%), Very Good (over 60%) and Excellent (over 75%), these percentages 
are based on total points scored after scoping and represent how far past statutory compliance 
the project has gone.   
Reviewing the literature little has been published to date on the scheme apart from 
brief overviews of the schemes scope, with the only review of the scheme in use being by 
Campbell-Lendrum and Feris (50) who trialed the scheme on a railway embankment works 
and concluded that the scheme “…provided benchmarks for targeting, driving and measuring 
improvements…” and they felt that “the depth, breadth and balance of the issues covered by 
the assessment process make it appropriate to a wide range of other civil engineering 
projects…”. Although other tools are being developed, they will be broadly based on 
CEEQUAL (48) or similar approaches (51). It does however have a number of drawbacks that 
have been recognized which include it not addressing the holistic nature of sustainability and 
placing emphasis on environmental best practice; it is also seen as being ‘shallow’ in its 
coverage of community and economic issues and not addressing the scheme over its life cycle 
(39) although CEEQUAL has been revised recently to address some of these shortcomings. 
 
CASE STUDIES  
The aim of this research therefore was to assess how a design team was performing with 
regards to environmental performance (at the design stage), beyond that required for legal 
compliance, by back analyzing a series of projects using the CEEQUAL methodolody. 
Reviewing the literature it was apparent that CEEQUAL was the most appropriate assessment 
method for the nature of the works (described below) and the scope of assessment required. 
Although CEEQUAL was not designed as a design tool or for reviewing project performance 
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in this manner, it was felt that an assessment would provide a good indication of progress and 
which areas required attention from the design team to improve their level of environmental 
performance for future schemes. 
Three case studies were chosen that were felt to be representative of the project work 
most often undertaken within the design team. This design team represents one small 
performance unit of a large, international, multi-disciplinary, design consultancy. The team 
specializes in the delivery of the infrastructure (drainage, utility supply and highways) to 
support residential, industrial and commercial developments for both private and public 
development organizations. The three case study projects had been completed at the time of 
assessment, so had been approved and accepted by the relevant adopting authorities who 
would take ownership of the infrastructure, to be compliant with the current relevant 
regulations and specifications.  
Although the assessments were undertaken by a Qualified Assessor the case studies 
were not undertaken as true CEEQUAL assessments in that they were not registered with 
CEEQUAL Ltd. or subject to external verification, however the CEEQUAL methodology 
were applied as rigorously as possible, for the nature of the projects to achieve an accurate 
assessment result and to benchmark current design team performance. The assessment was 
undertaken using Version 4 of the manual, (the most recent revision).  
• Case Study 1 –. highways, drainage and footpaths to support a new industrial park on 
a Greenfield site for a public body in a rural location. The project aimed to act as an 
economic stimulus for the area. 
• Case Study 2 –highways, drainage and footpaths to support a large new residential 
development on a brown field regeneration site for a public development body. This 
project had strong aspirations regarding the social aspects of sustainability 
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• Case Study 3 – highways, drainage and footpaths to support a new commercial 
development on an inner city brown field site for a private developer. 
 
Discussion  
The schemes were assessed as closely as possible to a real assessment with questions being 
scoped out, evidence identified, reviewed and scores awarded. The final scores were found to 
be: 
Case Study 1 – 21.3% 
Case Study 2 – 29.2%  
Case Study 3 – 10.5% 
This would mean that Case Study 2 would score a ‘pass’ while the other two case studies 
would fail to score an award under the scheme. This is not surprising given than none of the 
projects set out with ambitions for environmental performance beyond regulatory compliance, 
which they all achieved. Figure 1 shows a more detailed breakdown of the scores across each 
section.  
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Case study CEEQUAL section scores
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FIGURE 1- CEEQUAL Section scores 
 
It is not surprising that the overall scores reflect a relatively poor performance for 
demonstrating ‘best practice’ when this was never an ambition. One of the common themes in 
the literature is that if a project is to achieve minimal environmental impact then it is essential 
that it is identified as a clear ambition from the outset with all parties involved being engaged. 
Another reason for poor scores is that the scheme works on the premise of no evidence means 
no points; this rationale was followed in the assessments, but it became clear that there were a 
number of areas such as design rationale/ decisions or recording quantities that were not 
carried out as thoroughly as possible. If a project was to be carried out under the scheme it 
would be essential that the assessor makes everyone clear of what evidence is both relevant 
and suitable and ensure that data is thoroughly recorded.  
It is clear that one the main reasons that Case Study 2 received the highest score was 
its performance in the Relations with the Community and other Stakeholders, this is not 
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surprising since the development set out with high ambitions for social performance and so a 
greater number of workshops and community liaison activities were held compared to the 
other projects. The scheme also fared better on a number of other issues due to it being 
constructed on a brownfield site, bringing the land back into use and dealing with potential 
contamination appropriately. 
Case study 3 scored the worst over all, this is influenced by the client being a private 
developer rather than a public body. Consequently the client had less of an organizational 
commitment to sustainability and environmental protection with a clear emphasis being on the 
traditional development paradigm of cost, time and quality as the key drivers for project 
delivery. 
It is clear from Figure 1 that the sections in which all three schemes failed to score or 
only achieved a minimal score is Energy and Carbon, Material Use, Waste Management and 
Effects on Neighbors while Land Use, Ecology and Biodiversity and the Historic 
Environment generally gained better levels of achievement. 
The main reason for the scores being slightly better in the three aforementioned topics 
is mainly  due to the design team having a better understanding and experience of these topics 
from dealing with planning and regulatory issues and working on larger schemes that have 
required greater focus on these issues. Furthermore, good use is made by the design team of 
expertise in these fields, especially ecology and biodiversity. 
It is perhaps surprising that ‘Waste’ was one of the lowest scoring topics with it being 
one of the areas to receive the greatest level of industry attention in recent years and there 
being a large amount of guidance available, but the most obvious reason for this is the design 
team’s belief that waste is predominantly an issue for the contractor. Although the importance 
of the contractor’s role in waste minimization is reflected in CEEQUAL by the number of 
questions applying to the contractor only, there are still credits available for the designer has 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
engineering consultancy 
220 
to incorporate the principles and set targets for waste minimization during the design phase – 
these opportunities were not exploited in the case study projects 
Energy and Carbon is a fairly new concept to the general design of civil engineering 
works but one that will be of growing importance in the coming years as targets are set to 
reduce national consumption and outputs. This section deals with issues such as life cycle 
energy assessments, life cycle carbon assessments, percentages reductions achieved in the 
design and completed works based on these assessments as well as energy and emissions in 
use, and if opportunities have been explored to minimize these and incorporate renewable 
energy sources. Although the skills are available to carry out all these requirements in-house it 
is clear that the design team will need to become more familiar with the general concepts and 
terminology so that they can recognize opportunities for incorporating these requirements as 
well as understanding at what point in the project the greatest opportunity to influence the 
design presents its self and provide the relevant information accordingly. 
Again poor scores in the ‘Nuisance to Neighbors’ section were recorded for similar 
reasons to the waste section with the design team believing issues related to noise, vibration, 
air quality and light spillage during the construction phase being the responsibility of the 
contractor, and not considering the potential to minimize these impacts through the design 
process, although they are taken into account during the design when considering the 
operation of the infrastructure. 
One of the main concepts that has come out of the CEEQUAL assessment analysis is 
the potential that the designer has to minimize environmental impact through better 
specification in a wide variety of issues from waste to landfill and recycling targets, levels of 
responsibly sourced materials, percentage of materials to be reused on site, to levels of 
coatings and treatments applied off site, as well as requiring contractors have green travel 
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plans and reviewing past environmental performance of contractors and sub-contractors prior 
to appointment at the tender stage. 
The other issue that the assessments has raised is the importance to considering the 
project over its lifecycle and the impacts that the project will have not just during the 
construction phases and upon opening but what impacts it will have on the environment over 
its entire lifecycle and how consumption and impacts can be minimized over its entire 
operation. 
 
CONCLUSION  
The growing need for designers and all construction professional to recognize the importance 
of sustainable development within civil engineering has been identified from a policy and 
regulatory standpoint within the UK construction industry. The need to recognize the 
importance of consideration of economic, environmental and social issues has been looked at 
and the methods which are currently available to help engineers achieve this. It has become 
apparent that there are a variety of tools available but at present most struggle to fully assess 
sustainability with the majority focusing on the environmental aspects and impacts (mainly 
related to buildings). 
CEEQUAL has been identified as the tool most suitable for the UK context to assess 
the environmental impact of civil engineering schemes and a brief overview of its history and 
scope has been given. Three case studies have been assessed using CEEQUAL to help inform 
the design team of their current level of performance in this area, in addition to legal and 
regulatory compliance.  
As expected the schemes which set out with no environmental ambitions scored fairly 
poorly under the scheme which aims to reward schemes that go beyond legal compliance and 
implement best practice. Issues with which the team is familiar, mainly through past 
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experience, such as Ecology and Biodiversity, they were able to integrate well into their 
designs, using appropriate expertise available to them in-house to maximize their success. 
Poor scores in areas such as Carbon and Energy and Material Use, with which the 
team were not so familiar, demonstrated a need to improve their level of understanding and 
education on these topics, so that they can better integrate the concepts and seek out the 
relevant expertise to minimize these impacts. The design team should also seek to influence 
the construction process through better specification and taking ownership of the impacts 
created in the construction process as well as during its operation at the earliest opportunity in 
a project.  It is anticipated that as a follow up to this work, a toolbox will be created to raise 
awareness of infrastructure design engineers sustainable literacy with an emphasis now placed 
on delivering clear advice and guidance on how to assess and consider these impacts, with the 
first modules focusing on the areas highlighted in this research as being lacking. 
The strength of the CEEQUAL scheme is that it is not likely that a single individual 
will be familiar with all the issues that should be considered to deliver a completely ‘green’ 
civil engineering scheme, so it provides the engineer with an overview of the key topics and 
provides insight into who should be consulted and on what issues. While CEEQUAL does not 
provide the complete solution to ensuring that designs will be sustainable (because it does not 
fully consider all aspects of economic and social issues), it provides a useful starting point to 
improving the environmental credentials of the design team. While there is the potential for 
such checklists to lead to a narrow focus on the part of the designer by not considering the 
wider context of the project, the scheme is not so overly proscriptive, instead it provides 
guidance on how to improve the environmental impact of the civil engineering projects. 
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CORPORATE RESPONSIBILITY PRACTICES IN 
ENGINEERING CONSULTANCIES 
Abstract 
This paper aims to identify the current level of adoption of some common CR practices in the 
largest global construction and engineering consultancies drawn predominantly from the UK 
and USA. The paper begins by outlining the benefits of CR and its role within modern 
business before taking a look at the current literature available on CR applied to the 
construction industry. 
Using content analysis of annual reports, corporate websites and other corporate 
communications, a summary of current practices has been identified and compared with 
recent studies of global trends and best practices. It is clear that the organisations considered 
are aware of the CR agenda with widespread adoption, but they have some way to go before 
catching up with the global leaders. They need to expand the range of issues considered, be 
more transparent and accountable in their reporting and find new ways to improve their CR 
performance. 
Key words 
Sustainability, CSR, Strategy, Consulting, Reporting 
 Paper 3 
 
231 
 
INTRODUCTION 
The adoption of corporate sustainability and corporate social responsibility reporting has 
received growing acceptance in the business world. Recent surveys indicate that the number 
of companies undertaking such reporting has grown from 50% five years ago, to close to 80% 
in the 250 largest global companies (KPMG, 2008).  It has been shown however that the 
majority of companies reporting are multinational corporations (Gjolberg, 2009), which is 
believed to be due to their increased public exposure to varied markets and diverse cultural 
issues. To date the greatest progress in reporting has come from the extractive and 
manufacturing industries with a much slower response from the service industries and 
construction sector. 
Whilst some studies have been undertaken to look at current practices in the construction 
industry, these mainly consider specific elements such as ethics or welfare, or focus on the 
impacts of the construction process such as waste or materials. Little attention has been paid 
to the practices of consultants and this research examines the role of corporate responsibility 
(as the communication of commitment to corporate sustainability) and the current level of 
implementation in consulting engineering. The research is based on information in the public 
domain, predominantly using company annual reports and websites. 
 
CORPORATE SUSTAINABILITY AND CORPORATE SOCIAL RESPONSIBILITY 
Sustainability has increased in profile in management literature in recent years (Porter and 
Kramer, 2006; Koltler and Lee, 2005; Orlitzky et al, 2003) with an increasing focus from the 
corporate world. Corporations are increasingly being held responsible for the impacts they 
make in the societies in which they operate (Hartman et al, 2007). Corporations also 
recognize the benefits that corporate responsibility can bring. Frynas (2009) cites a McKinsey 
survey (Bielak et al, 2007) showing that 95% of CEO’s believe that society has greater 
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sustainability expectations on them than five years ago and over half believe these 
expectations will be significantly greater in another five years, particularly regarding public 
responsibilities. 
At present the terms corporate responsibility (CR), corporate social responsibility (CSR) and 
corporate sustainability (CS) are all used in published literature; their use is well defined in 
academic literature, whereas management literature tends to use the terms interchangeably. 
Montiel (2008) suggests that while they may come from different origins (with articles on 
CSR being published since the 1970’s and CS not being published until the 1990’s), they are 
merging topics with significant areas of overlap, especially within their implementation in the 
corporate world. For the purpose of this paper, they shall be used interchangeably. 
While CSR grew out of dialogue over the role of the company versus the Government in 
issues such as employee welfare or Health and Safety, before moving on to consider specific 
environmental issues, CSR has now moved on from simple philanthropic giving to being the 
basis for responsible decision making throughout an organisation’s structure and alignment 
with its business strategy (Zollo, 2008). Szekely and Knirsch (2005) believe that pursuing 
sustainability for business involves the implementation of more ethical business practices, 
attending to the needs of stakeholders and sustaining and expanding economic growth, whilst 
also minimising impacts on the environments and societies they operate in.  
Although it is easy to dismiss these concerns as not aligned with the business’s role to 
increase shareholder value (Corporate Watch, 2006) there has been a clear shift towards 
stakeholder value theory (Freeman, 1984; Reich, 1998; Brown and Fraser, 2006) whereby 
organisations listen and adapt their businesses to the needs of internal, external and 
institutional stakeholders. This helps companies identify a number of drivers for the adoption 
of more sustainable practices. For example, Bansal and Roth (2000) considered motives for 
improving corporate environmental performance to be; increased legislation, stakeholder 
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pressures, economic opportunities and ethical motives (citing work by Dillon & Fischer, 
1992; Lampe, Ellis, & Drummond, 1991; Lawrence & Morell, 1995; Vredenburg & Westley, 
1993; Winn, 1995). 
Significant research has been undertaken to establish the financial benefit of corporate 
responsibility activities to organisations, with some studies (such as Mercer, 2009; BITC 
2009; Peloza and Yachnin, 2008) showing that firms which embrace CR outperform those 
who have stuck to the more traditional mind-set of “the role of business is business”. Other 
studies have not been so successful in establishing this link, although a few have found there 
to be a negative correlation. For instance, in a review of financial performance, Perrini et al 
(2009) found research measuring social performance with financial performance to be 
inconsistent, they acknowledged the relationship complex and nuanced and therefore difficult 
to make a case either way. However, Perrini at al (2009) did identify a number of other areas 
in which CR added value to the business in line with the drivers mentioned above. The study 
found a strong link between reduced environmental impacts and enhanced financial 
performance (arising from improved efficiencies and reduced liabilities) showing that CR has 
a potentially profitable role to play. They also identified a strong case within literature that 
increased organisational concern for social and ethical issues, when transformed into policies 
and programs, leads to improved employee satisfaction, well-being and behaviour (e.g. Davis 
and Rothstein, 2006; Prottas, 2008) as well as increased employee commitment (espoused by 
Valentine and Barnett, 2003), motivation (Grant, 2007) and employer attractiveness for new 
candidates (Greening and Turban, 2000), which all contributed to increased organisational 
benefits as identified by Paine (2003), such as lower staff turnover, higher productivity and 
greater appeal. 
Enhanced trust and client loyalty have also been identified (e.g. Smith, 2003; Luo and 
Bhattacharya, 2006) as benefits of the adoption of CR, due to improved dialogue with clients 
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and consumers which creates higher satisfaction levels (Bhattacharya and Sen, 2003) through 
an enhanced reputation (Castaldo et al 2009; Hammond and Slocum, 1996), leading to a 
competitive advantage (Freeman et al, 2007; Menon and Menon, 1997; Podnar and Golob, 
2007). 
The final area that Perrini et al (2009) identify as benefiting is an enhanced relationship with 
the financial community (because firms engaging in CSR are perceived to have lower risk due 
to enhanced disclosure and reporting of potential liabilities from environmental and social 
issues along with the belief that they are better engaged in dialogue to satisfy their 
stakeholders). Pleon (2005) identified the financial community as the stakeholder that most 
greatly appreciated the benefits of reporting on CR issues, and Arnold (2008) discusses how 
reporting of non-financial issues has grown in acceptance in recent years. Yet Amaeshi (2010) 
notes that the current level of reporting is still not sufficiently detailed to persuade investors of 
its importance as there is a lack of clarity in ownership of environmental, social and 
governance issues (EABIS, 2009).  
Reporting is the main method of dialogue adopted by most organisations to discuss non-
financial impacts and as such has come under a great deal of scrutiny. It has also lead to the 
development of a number of voluntary standards, for reporting such as the GRI 
(http://www.globalreporting.org), SA 8000 (http://www.sa-intl.org/), ISO26000 
(tinyurl.com/29csnds) and AA1000 (http://www.accountability.org/)  In many cases, 
companies need to implement change to be able to report against these standards and so a 
body of literature has developed around the different phases that businesses go through on 
their journey. Indeed, a variety of business models and organisational change models now 
exist (e.g. Dunphy et al, 2003; Doppelt, 2010; Epstein, 2008; Maon et al, 2010) to show the 
process for integrating corporate sustainability. These compliment a growing number of 
associations and initiatives that have been developed to support the integration of CSR into 
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day-to-day business (EU, UN, OECD, GRI, WBCSD). There is however a disconnect 
between some firms’ communicated intentions and their actions (Jackson 2010), which 
presents a difficulty for those interpreting publicly available information such as corporate 
sustainability and CR reports. If we consider the specific case of CR reporting in engineering 
consultants we can see that these discussions points remain pertinent. 
 
Corporate responsibility in construction 
A large body of work has been produced looking at the role of sustainability in the 
construction sector, but to date the majority of this focuses on the impact of buildings and 
materials (Willetts et al, 2010). At present there is less emphasis on the efforts of individual 
businesses to address CR, despite the industry being classed as having a high impact across a 
broad range of issues such as emissions, waste, energy and water usage as well as its scale and 
size of labour force. This important gap in research was first recognised by Wilkinson et al 
(2004), but a much smaller body of work exists on the role of CR in the construction industry 
(e.g. Jones et al, 2010; Myers, 2005; Brown et al, 2009; Murray and Dainty, 2009; Kalpana, 
2009;  and Petrovic-Lazarevic, 2004) , and very little attention has been paid to consultants. 
http://www.lboro.ac.uk/cice/people/engineers/119.htmlA review of CR reporting in the UK 
construction sector (Brown et al, 2009) identified the most commonly reported issues to be 
health and safety, energy and resources, carbon, supply chains and community, while Myers 
(2005) found that the industry was generally poorly engaged with the CR agenda despite its 
environmental and social impacts. GRI (2008) also undertook a study of sustainability 
reporting in the global construction sector and again found the reporting in the sector was less 
developed than many other sectors with those leading being located in Japan, Australia and 
Europe. Their reports showed an emphasis on climate change issues and carbon, but a poor 
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understanding of economic impacts. This suggests that there is scope for a more detailed 
consideration of CR in the construction sector and more particularly, consultants. 
 
COMPARISON OF CONSULTANTS CR PERFORMANCE 
Recognising that there is gap in the research on how the consultancy sector is interacting with 
the CR agenda, this study considers how the largest global consultants are performing on a 
number of key topics compared to the leading companies in the world from other sectors and 
also with recognised best CR practices. To a certain extent, the pace of change in the field is 
so fast-moving that it is practice-driven rather than academically-driven, so best practices are 
often drawn from practice-based guidance that has yet to be confirmed in the academic 
literature, despite being widely adopted and implemented. 
Methodology 
Content analysis was selected as an appropriate approach to carry out a comparison of CR; it 
has been used previously to review corporate responsibility issues in construction, e.g. Myers 
(2005); Jones et al (2010). Myers (2005) claims it is suitable because it is “...objective, 
consistent and repeatable...” and has some history in its use in both the construction sector 
(Drexer and Larson, 2000; Yu et al, 2006), the sustainability arena (Sustainability and UNEP 
2000; 2002; WWF, 2004; and Sustainability et al, 2004) and corporate responsibility 
(Unerman, 2000; Milne and Adler 1999).  
This research study reviewed various sources of secondary data to provide a better 
understanding of current practices. A matrix was constructed of companies and pertinent 
themes from the literature and used to collect and analyse the data. In this instance, the use of 
data counts of specific words or phrases was not considered insightful. 
Data was collected from annual reports, CR reports and company websites. Although there is 
an argument in the literature for using annual reports (Adams and Harte, 1998), the other 
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documents were chosen to give a more rounded picture of each company’s CR practices, 
recognising that solely considering corporate reports might not give the complete picture, as 
acknowledged by Roberts (1991). Using an expanded selection of documents was also 
possible as the analysis was only looking at the current year’s reporting and not measuring 
progress over time, so there was not a risk of being overwhelmed by material. 
Comparisons were made with trends from two recent studies, Craib and 
PriceWaterhouseCooper (2009), hereafter referred to as Craib and PWC (2009), and KPMG 
(2008). Craib and PWC (2009) looked at over 1,115 firms from the world’s largest indices to 
establish best practices in CSR before finding benchmarks for implementation using 100 
companies, split evenly between US, Canada, Europe/ Japan/ Australia, and the rest of the 
world. KPMG (2008) undertook a survey of reporting trends of 2,100 companies, including 
the G250, representing the largest 250 global companies as well as the largest 100 companies 
from 22 countries. 
The firms that were chosen for this research were based on the ENR (Engineering News 
Record) 2009 Top 500 design firms, NCE (New Civil Engineer) 2009 Consultants File and 
ENR 2009 Top Global design firms. This allows the biggest global, US based and UK based 
firms to be selected for analysis providing a global overview as well as comparison between 
US and European firms. There was some overlap on these lists, so a total of twenty firms 
were selected. The companies reviewed were: 
• AMEC 
• Arup 
• Atkins 
• Bechtel 
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• CH2MHILL 
• Flour 
• Fugro 
• Jacobs 
• KBR 
• Mace 
• Mott MacDonald Group 
• Mouchel 
• Parsons Brinckerhoff 
• RPS Group 
• Shaw Group 
• SNC-Lavalin International 
• Tetra Tech Inc. 
• URS Corp. 
• Worley Parsons 
• WSP Group 
The companies in this sample represent the USA (9), UK (8), Netherlands (1), Canada (1) and 
Australia (1), with multiple companies claiming offices in over 40 countries and some 
companies claiming to have projects in over 140 countries. Staff sizes range from 2.800 – 
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50,000 with over 450,000 directly employed across the 20 companies. Revenues range from 
$0.45bn to $30bn, with a total sample revenue of $550bn. These figures highlight the scale of 
the construction consultancy sector as well as their scale and reach internationally.  
 
RESULTS 
The results of the analysis are presented here under two key themes that were found within 
the CR documents: communication and reporting, and management and organisational 
performance. 
Communication and reporting 
Company websites 
Of the 20 companies selected it was found that 19 companies referenced the concepts of 
sustainability and/or social responsibility on their websites in some format. Ten provided a 
single web page, seven a section with multiple pages and two stand-alone websites to explore 
their CR implementation while 40% placed a link to related issues on the front page of their 
website. This correlates with Craib and PWC (2009) who found that an average of 75% of 
corporate websites contained CR information, but only 40% provided a link on the front page. 
Environment, employees, health and safety and community were the most frequently covered 
issues, with comparatively little focus on management systems or supply chains. 
Websites and internet pages have been used as one of the main methods of reporting 
disclosures. Esrock and Leichty, (1998) and Neu et al (1998) found that communication was 
nearly always one-directional with an information push from the organisation with little 
ability for dialogue, a tendency to focus on positive impacts and good news stories, and an 
absence of reporting on negative impacts. These findings are in line with the examples 
considered in this study with a few sites providing a link to an email address to raise CR 
queries but none with mechanisms in place for dialogue or discussion. This interaction is now 
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becoming best practice in CR reporting; web 2.0 and social media applications are now 
recognised as a potential way to increase awareness (Fieseler et al, 2010) 
Report format 
Nine of the organisations (45%) published stand-alone reports with six being referred to as 
sustainability reports, one as a corporate responsibility report and one as a sustainability and 
corporate responsibility report, with lengths varying from 27 to 134 pages. In comparison 
79% of the G250 published reports in 2008, up 30% in the previous three years; where it was 
found that the UK and Japan were leaders in reporting (KPMG, 2008). Makower (2009) noted 
that in the S&P500, 57% of reports were titled corporate responsibility and 23% sustainability 
which contrasts with the adoption of terminology in the organisations studied here. 
Of the remaining 11 companies, seven (35%) integrated their reporting into annual reports; 
this is in contrast to the 3% of G250 firms who used integrated reporting (KPMG 2008). 
Discussions ranged from 1-16 pages, noticeably shorter than those who published stand-alone 
reports. The companies that produced separate sustainability reports also mentioned their 
sustainability practice in their annual financial reports but far more briefly. Of the remaining 
four companies, there was no discussion of performance on CR; these were all US-based 
companies and highlights an important difference in adoption compared with the UK based 
firms. 
Reporting standards and guidelines 
Of the 20 companies, 25% (4 US and 1 UK) followed the reporting guidelines of the Global 
Reporting Initiative (GRI) compared to 77% of the G250 (KPMG, 2008), with three not rating 
themselves, one rating themselves a B and one a C. Only one company provided a third party 
verification of the reporting. The GRI provides a framework for companies to report, with a 
selection of issues that companies might be responsible for and a consistent method of 
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reporting, allowing easier comparison between performance of companies as well as awarding 
ratings for levels of compliance with the framework. 
Of the other frameworks that could be used to implement CR, AA1000 was not used by any 
companies compared to an uptake of 10% among the G250; SA8000 was used by one UK 
company (very much in line with the 5% use within the G250) and two companies (1 USA 
and 1 UK) subscribed to the UN Global Compact, compared to 40% in the G250 (KPMG, 
2008). No other guidelines were utilised. The UN Global Compact has 7,300 members and 
provides a strategic policy for business to report alignment and performance annually on ten 
principles covering human rights, environment and anti-corruption. Only one report was third 
party verified (using AAS1000AS), while two acknowledged this to be a future plan. This 
contrasts with Craib and PWCs’ (2009) findings that 44% of G250 reports provided assurance 
statements in which 47% were criticised for bad reporting by the third party, with mining, 
utilities and oil and gas being the three strongest industries on providing third party assurance 
(KPMG, 2008). However, it is expected that assurance will become a growing trend as 
companies look to demonstrate that their reports are credible because stakeholders are 
demanding greater transparency. At the moment assurance is predominantly provided by large 
accounting and auditing firms using frameworks such as AA1000AS, ISAE3000 and GRI 
Guidelines (Ackers, 2009). 
Management and organisational performance 
Organisational governance 
Six firms had a sustainability policy while nine addressed sustainability in their mission 
statements or values. The importance of showing commitment to CR at this level has been 
highlighted by Mirvis et al (2010), but previous work showed only 23% of employees were 
found to believe that company mission statements guided their actions (BetterWorkplaceNow, 
2000). Nevertheless high level commitment is still seen as one of the best ways to drive the 
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message both internally and externally that an organisation is not just looking for good PR, 
but seeking to establish a long term business plan.  
Seven companies had responsibility for CR at board level while six had sustainability 
committees. This is important; Zollo (2008) found that influence at board level, top 
management support, committee influence and the frequency of presentation of CR issues to 
the board were strongly linked to better performance on CR issues. Spitzeck (2010) also 
discusses the important role that committees and board champions have to play in the success 
of good CR.  
Five of the companies discussed how they had put in place knowledge management systems 
which they believed were helping them to deliver sustainable solutions, while six (all UK) 
discussed the development of leadership training schemes in sustainability for staff. Four (1 
USA, 3 UK) mentioned integrating sustainability issues into staff inductions. 
Performance and target-setting 
One company assessed was listed on the Dow Jones Sustainability Index, with one due to be 
listed, while three companies were listed under FTSE4 Good. These specialist indices look to 
highlight the companies that are leading performers in corporate responsibility and ensure that 
a number of criteria are met to maintain inclusion. Presence on the indices is seen to highlight 
good communication between the company and financial markets. 
Eight (2 USA, 6 UK) had measurable targets in their reports mainly linked to carbon, while 
only four (25%) had targets across environmental, social and economic issues and provided 
an overview on a single page. By comparison Craib and PWC (2009) found that 59% of 
analysed reports provided a summary of objectives on a dedicated page, with 46% reporting 
progress and 52% providing targets. This reflects the findings of Kalpana (2009) who found 
that the reports were most likely to present aspirations without showing a strong connection to 
action; the lack of benchmarking and verification also makes it hard to confirm that progress 
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is genuine. Jackson (2010) stated that incorporating CR Key Performance Indicators (KPI’s) 
was one of the ways to ensure managers developed a better understanding of the relevance of 
CR to the company and day to day work, while Ferguson (2009) provided insight into how 
implementing robust targets and measures improves CR performance and competitive 
advantage. 
Carbon was discussed by 14 firms with 11 companies (2 USA, 3 international and 6 UK) 
reporting under the Carbon Disclosure Project (CDP), but only eight of the 20 discussed 
wishing to reduce CO2  and only four (25%) published reduction targets. This is compared 
with findings of Craib and PWC (2009) who found 87% of companies reported greenhouse 
gas emissions, with 68% of European, Australian and Japanese companies publishing targets. 
Social accountability 
Ten of the companies had clearly stated volunteer programmes in place, split evenly across 
nationalities. Only three had matched staff giving schemes and eight reported clearly on their 
charitable donations, ranging in value from $101k - $7m. The sums donated by US-based 
firms were of the order of ten times the size of those given by the UK firms. Philanthropy is 
often not considered an important part of CR in Europe as it is not part of a business’s 
operations (Frynas, 2009), but can be an important way for companies to integrate, especially 
if they develop relationships with organisations who can benefit from the skills the company 
has or are located in the community in which the organisation operates. 
Five companies (2 USA/3 UK) have implemented wellbeing policies for staff, while eight had 
zero harm policies. Health and safety was a strong theme in the majority of the reports, which 
is not surprising given the nature of the industry and focus that has been given to improving 
the safety of construction work. This was the most frequently reported data that included 
actual figures, showing that firms were comfortable to discuss the issue and had systems in 
place to monitor performance. 
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Stakeholder identification and engagement 
While nearly all firms mentioned stakeholders, (the most common being client, employee, 
communities and shareholders), only 10% mapped them and just one provided a clear outline 
of the dialogue employed to address each stakeholder and their materiality (the process of 
identifying the issues over which the firm has influence). This does not align with Craibs and 
PWC’s (2009) findings that 48% of European, Australian and Japanese firms and 24% of US 
firms explain materiality, with 76% describing the specific engagement methods used and 
33% outlining the findings from the dialogue. None of the consultants considered produced a 
materiality index such as those highlighted by AccountAbility (2006). These are considered to 
be best practice and illustrate the importance of issues raised from dialogue for both the 
stakeholders and the organisation, showing areas most in need of attention. 
Risk was covered by 25% of companies, albeit very briefly (generic statements on 
recognising risk) by all but one, this compares with 66% who reported in Craibs and PWC 
(2009) study. Interestingly, the exception was the only company to discuss it had engaged 
with the SRI (Socially Responsible Investment) community. This community seeks to invest 
in ways to maximise economic and social outcomes and represents 7% (by value $7 trillion) 
of the global financial market and growing (Gitmand and Fargo, 2009). The company 
concerned was asked to be more detailed in their disclosure of risk in their CR report; they 
took this on board and then provided the most comprehensive disclosure of all the reports, 
showing the positive impact of two-way dialogue. 
The voluntary nature of reporting means negative aspects are often not reported; only six 
reports commented on negative impacts such as fraud, environmental incidents and health and 
safety incidents. These were all extremely brief, typically a paragraph focussing on a specific 
incident. Transparency is one of the most discussed topics in CR and, for reports to be 
considered more than PR exercises, it is essential that companies highlight not only the good, 
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but also areas of concern and in need of improvement. This will allow readers to get a more 
rounded view of the company’s performance, similar to that achieved regarding financial 
reporting and liabilities. 
 
DISCUSSION AND RECOMMENDATIONS 
Having considered the reports in detail and with reference to salient literature, we now 
develop a series of recommendations to help consulting engineering firms engage with CR.   
At present reporting is predominantly in PDF and paper format with only three companies 
providing online customisation, which is being seen as the way forward in best practice. This 
allows reporting online to be formatted and put together in a way that is suitable for the reader 
because at present the intended audience is not always clear. Inclusion of a single page ‘dash 
board’ on performance would also be beneficial, as well as use of alternative media and 
inclusion for greater dialogue with stakeholders. Companies should recognise when working 
across territories that readers in India might have very different interests from those in 
America or Latin America, while investors will require different information from clients or 
local communities. Therefore it is important that the information is comprehensive and 
relevant, but provided in a format that allows it to be optimised by the reader. 
While companies are reporting on carbon, there is no consensus on the reported indicators, 
making it hard to perform comparisons. It being commonly normalised, variously, by 
employees, turnover, or area. Companies should provide total amounts as well as publish year 
on year progress allowing the reader to better understand overall performance, targets and if 
they are being met. Companies would do well to look to report on waste and water in a 
similar manner to current disclosures on carbon and energy, as this would provide a more 
holistic view of the company’s environmental impacts. 
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A vast amount has been published on the importance of dialogue and good engagement, and 
while most of the companies claim to be engaging at present they only name a small core of 
stakeholders. This lacks detail on engagement methods and feedback, possibly hindering the 
full benefit of the engagement. It is also unclear what processes are being used to establish 
materiality and in which areas. Consultants could learn from the leading companies in other 
sectors, such as mining, oil and gas, chemical and pharmaceutical who, by the nature of their 
industries and media attention, have been early adopters of stakeholder dialogue techniques.  
They could also look to expand their dialogue with NGO’s. While many look to engage 
through philanthropy, only a couple are building relationships with NGO’s and using these to 
receive feedback and leverage competitive advantage based on CR through reduced risk and 
enhanced reputation. Lack of alignment, via charity and volunteer actions with the direction 
of the business, means that consequently they are not looking to help local communities or 
charities that could utilise the firm’s knowledge. It is also important that companies do not 
claim individual staff actions that sit outside the company’s policies as part of their CR 
progress; this can misrepresent their genuine contribution. 
Two of the most important themes in good CR which are receiving ever greater attention are 
the role of accountability and transparency. At present the majority of the firms in this study 
are in the infancy of the journey to improving both of these. For CR to make the greatest 
impact it is essential that firms provide stakeholders with more detailed disclosures relating to 
the way the organisation is addressing CR issues throughout its operations. To help with this a 
wide variety of standards and guidance exist, such as those by GRI, Accountability, WBCSD 
and ISO. Companies should look to adopt these templates to ensure a comprehensive range of 
subjects are covered ensuring the maximum impact of CR implementation and allowing 
readers to better compare performance on a range of issues between firms. Third party 
verification will also have a role to play, allowing firms to receive feedback on their 
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programmes and reporting. This provides stakeholders with a degree of certainty that the 
content is accurate, as well as highlighting weaknesses and helping investors, clients and other 
stakeholders to make better informed choices. 
While a few companies have looked to allocate responsibility for CR at board level, this 
should be adopted more widely as it has been shown that the higher the level of support and 
more frequent the presentation of CR issues to board level members, the more successful the 
implementation. Consultancies can also look to better integrate CR across the organisation 
and into public relations, communications, marketing and HR functions within the business. 
HR in particular can be beneficial for allowing greater development of employee training and 
awareness, providing incentives and revising reward schemes, linking CR performance with 
remuneration and empowering employees to engage with all stakeholders. 
Along with the voluntary frameworks that have been developed to assist in reporting good 
CR, a number of academic and practitioner developed phase change models have been 
developed to show the transition companies go through while adopting CR. Some of these 
models have been summarised and consolidated by Maon et al (2010), as seen in Table 1.  
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Table 3 - CSR organisation development stages (Maon et al, 2010) 
CSR cultural phase Stage of CSR development CSR view and prominence 
in organisational culture 
CSR CULTURAL 
RELECUTANCE 
1.Dismissing ‘Winning at any cost 
perspective’/ None 
CSR CULTURAL GRASP 2.Self-protecting ‘Reputation & Philanthropy 
perspective’/ CSR as 
marginal 
 3.Compliance seeking ‘Requirements perspective’/ 
CSR as worthy interest 
 4.Capability seeking ‘Stakeholder management 
perspective’/ CSR as 
influential 
CSR CULTURAL 
EMBEDMENT 
5. Caring ‘Stakeholder dialogue 
perspective’/ CSR as 
embodied 
 6. Strategizing ‘Sustainability perspective’/ 
CSR as prevailing 
 7. Transforming ‘Change the game 
perspective’/ CSR as 
ingrained 
Recognising these stages, as well as their current positions on a variety of issues set out in the 
framework they developed, would allow consultancies to benchmark their current position 
and utilise a phase change model, such as that developed by Maon et al (2009). This 
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consolidates existing literature and practice to identify nine steps that will assist an 
organisation in implementing a CR policy, these being: 
1. Raise CSR awareness inside the organisation 
2. Assess corporate purpose in its societal context 
a. Identify key stakeholders and critical issues 
3. Establish a vision and a working definition for CSR 
4. Assess current CSR status 
a. Benchmark competitors’ CSR practices and CSR norms and standards 
5. Develop a CSR-integrated strategic plan 
6. Implement the CSR integrated strategic plan 
7. Communication about CSR commitments and performance 
8. Evaluate CSR integrated strategies and communication 
9. Institutionalise CSR 
This change model provides a robust framework for consultancies to change their current 
CSR paradigm when supplemented with the work of Bertels et al (2010); which provides an 
extensive resource of the current tools and change methods that can be utilised to embed 
sustainability in organisations along with supporting examples or empirical evidence for the 
impact of each initiative or procedure. They identified 13,756 pieces of literature relevant to 
embedding sustainability, before narrowing it down to 96 highly relevant sources and 
constructing a tool to identify the most suitable methods for fostering commitment, clarifying 
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expectations, building momentum for change and instilling capacity for change, identifying 
methods and resources for each case. 
 
CONCLUSION 
It is clear from the existing literature that CR will be a major issue for business in the coming 
years, representing a phase change in business practice as movements such as health and 
safety, quality management and IT did in previous decades. The benefits to business are wide 
ranging and diverse, with many companies beginning to see results. It is also clear that 
construction and engineering projects are often high impact with large demands on resources 
and communities; CR provides a mindset to help consider and minimise these impacts and if 
well implemented, leads to increased staff awareness, lower impacts and better alignment 
with stakeholders in all elements of work, increasing overall company value. 
It is clear from the research that CR reporting and implementation in consultants is generally 
lagging behind other sectors and this has been found to be true in general for the wider 
construction industry. There is a clear difference between European and US-based firms on 
the use of integrated reporting, but the American firms appeared to make much larger 
charitable donations. 
Whilst it is obvious from the research that sustainability is now a topic of importance for 
nearly all the companies in the study the current levels of discussion are remarkably varied. 
Even in this small sample, this ranges from no acknowledgement, to a company making use 
of many reporting best practices and leading the way on such reporting in both the USA and 
Europe. 
At present it is clear that environmental issues remain the most well understood and discussed 
within these CR reports, with the majority of companies publishing an environmental 
statement. Social issues that focus on employee welfare and diversity issues are very 
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common; although community is a commonly discussed term in the reports, at present there 
seems no clear consensus on what this involves or how to measure or report it. Economic 
issues appear the least well understood with the least focus and dialogue, perhaps because 
firms feel this is addressed better in annual reports. 
The general CR themes found within company literature were very much in line with those 
found by Brown et al (2009) and it is interesting that the focus that carbon has obtained 
perhaps because it is perceived as a current “hot topic” as well as an area for financial saving, 
with common initiatives reported revolving around energy efficiency measures in offices. 
The quality of CR reporting was also called into question with some criticisms around the 
veracity of some firms’ stakeholder engagement statements; there is a clear opportunity for 
consultants to improve their approach and document it carefully. This research has also 
reiterated the importance of using robust reporting standards for accuracy and comparability.  
Finally some recommendations have been made on how consultants can look to broaden and 
deepen their current CR practices including many emerging best practices from other sectors 
and emphasised the importance of transparency and accountability for good CR to be 
effective. 
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This paper aims to identify the current level of adoption of some 
common CR practices in the largest global construction and 
engineering consultancies drawn predominantly from the UK and 
USA. The paper begins by outlining the benefits of CR and its role 
within modern business before taking a look at the current 
literature available on CR applied to the construction industry. 
Using content analysis of annual reports, corporate websites and 
other corporate communications, a summary of current practices 
has been identified and compared with recent studies of global 
trends and best practices. It is clear that the organisations 
considered are aware of the CR agenda with widespread adoption, 
but they have some way to go before catching up with the global 
leaders; they need to expand the range of issues considered, be 
more transparent and accountable in their reporting and find new 
ways to improve their CR performance. 
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Sustainable development most frequently 
defined using the Bruntland definition as 
“development that meets the needs of the 
present without compromising the ability of future 
generations to meet their own needs.” 
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commitment to operating in a socially, 
economically and environmentally sustainable 
manner, while recognising the interests of 
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a common framework for CSR reporting. 
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INTRODUCTION 
The adoption of corporate sustainability and corporate social 
responsibility reporting has received growing acceptance in the 
business world. Recent surveys indicate that the number of 
companies undertaking such reporting has grown from 50% five 
years ago, to close to 80% in the 250 largest global companies 
(KPMG, 2008).  It has been shown however that the majority of 
companies reporting are multinational corporations (Gjolberg, 
2009), which is believed to be due to their increased public 
exposure to varied markets and diverse cultural issues. To date 
the greatest progress in reporting has come from the extractive 
and manufacturing industries with a much slower response from 
the service industries and construction sector. 
Whilst some studies have been undertaken to look at current 
practices in the construction industry these mainly consider 
specific elements such as ethics or welfare, or major on the 
impacts of the construction process such as waste or materials. 
Little attention has been paid to the practices of consultants and 
this research examines the role of corporate responsibility (as the 
communication of commitment to corporate sustainability) and the 
current level of implementation in consulting engineering. The 
research is based on information in the public domain, 
predominantly using company annual reports and websites. 
 
CORPORATE SUSTAINABILITY AND CORPORATE SOCIAL 
RESPONSIBILITY 
Sustainability has increased in profile in management literature in 
recent years (Porter and Kramer, 2006; Koltler and Lee, 2005; 
Orlitzky et al, 2003) with an increasing focus from the corporate 
world. Corporations are increasingly being held responsible for the 
impacts they make in the societies in which they operate (Hartman 
et al, 2007), but they also recognize the benefits that corporate 
responsibility can bring. Frynas (2009) cites a McKinsey survey 
(Bielak et al, 2007) showing that 95% of CEO’s believe that society 
has greater sustainability expectations on them than five years ago 
and over half believe these expectations will be significantly 
greater in another five years, particularly regarding public 
responsibilities. 
At present the terms corporate responsibility (CR), corporate social 
responsibility (CSR) and corporate sustainability (CS) are all used 
in published literature; their use is well defined in academic 
literature, whereas management literature tends to use the terms 
interchangeably. Montiel (2008) suggests that while they may 
come from different origins (with articles on CSR being published 
since the 1970’s and CS not being published until the 1990’s), they 
are merging topics with significant areas of overlap, especially 
within their implementation in the corporate world. For the purpose 
of this paper, they shall be used interchangeably. 
While CSR may have grown out of dialogue over the role of the 
company versus the government in issues such as employee 
welfare or Health and Safety, before moving on to consider specific 
Jacobs produces an annual sustainability report 
which broadly covers the aspects commonly 
associated with CSR. 
This paper has been produced as part of an 
ongoing Engineering Doctorate. The purpose of 
this element of the research is to understand the 
‘baseline’ of companies similar to Jacobs in term 
of reporting which will assist in identifying gaps 
and areas for improvement. The findings of this 
paper will contribute to the next stages of 
interviewing and understanding client 
expectations and the demands placed upon 
them.  
Useful free reports on the current state of CSR 
and sustainability adoption/ trends in business 
MIT Sloan Review 
http://sloanreview.mit.edu/the-
magazine/articles/2011/winter/52213/first-look-
at-the-second-annual-sustainability-and-
innovation-survey/ 
 Siemens Greening Corporate America 
http://www.buildingtechnologies.siemens.com/bt/
us/Press/press_release/2009_press_releases/Pa
ges/GREENINGOFCORPORATEAMERICAREP
ORTAVAILABLEONLINE.aspx 
Accenture and UN 
http://www.unglobalcompact.org/docs/news_eve
nts/8.1/UNGC_Accenture_CEO_Study_2010.pdf 
Daily summary on sustainable business 
http://www.smartbrief.com/sustainability/ 
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environmental issues. CSR has now moved on from simple 
philanthropic giving to being the basis for responsible decision 
making throughout an organisation’s structure and alignment with 
its business strategy (Zollo, 2008). Szekely and Knirsch (2005) 
believe that pursuing sustainability for business involves the 
implementation of more ethical business practices, attending to the 
needs of stakeholders and sustaining and expanding economic 
growth, whilst also minimising impacts on the environments and 
societies they operate in.  
Although it is easy to dismiss these concerns as not aligned with 
the business’s role to increase shareholder value (Corporate 
Watch, 2006) there has been a clear shift towards stakeholder 
value theory (Freeman, 1984; Reich, 1998; Brown and Fraser, 
2006) whereby organisations listen and adapt their businesses to 
the needs of internal, external and institutional stakeholders. This 
helps companies identify a number of drivers for the adoption of 
more sustainable practices. For example, Bansal and Roth (2000) 
considered motives for improving corporate environmental 
performance to be; increased legislation, stakeholder pressures, 
economic opportunities and ethical motives (citing work by Dillon & 
Fischer, 1992; Lampe, Ellis, & Drummond, 1991; Lawrence & 
Morell, 1995; Vredenburg & Westley, 1993; Winn, 1995). 
Significant research has been undertaken to establish the financial 
benefit of corporate responsibility activities to organisations, with 
some studies (such as Mercer, 2009; BITC 2009; Peloza and 
Yachnin, 2008) showing that firms which embrace CR outperform 
those who have stuck to the more traditional mind-set of “the role 
of business is business”. Other studies have not been so 
successful in establishing this link, although a few have found 
there to be a negative correlation. For instance, in a review of 
financial performance, Perrini et al (2009) found research 
measuring social performance with financial performance to be 
inconsistent, they acknowledged the relationship complex and 
nuanced and therefore difficult to make a case either way. 
However, Perrini at al (2009) did identify a number of other areas 
that CR added value to the business in line with the drivers 
mentioned above. The study found a strong link between reduced 
environmental impacts and enhanced financial performance 
(arising from improved efficiencies and reduced liabilities) showing 
that CR has a potentially profitable role to play. They also identified 
a strong case within literature that increased organisational 
concern for social and ethical issues, when transformed into 
policies and programs, leads to improved employee satisfaction, 
well-being and behaviour (e.g. Davis and Rothstein, 2006; Prottas, 
2008) as well as increased employee commitment (espoused by 
Valentine and Barnett, 2003), motivation (Grant, 2007) and 
employer attractiveness for new candidates (Greening and Turban, 
2000), which all contributed to increased organisational benefits as 
identified by Paine (2003), such as lower staff turnover, higher 
productivity and greater appeal. 
Enhanced trust and client loyalty have also been identified (e.g. 
Smith, 2003; Luo and Bhattacharya, 2006) as benefits of the 
adoption of CR, due to improved dialogue with clients and 
consumers which creates higher satisfaction levels (Bhattacharya 
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and Sen, 2003) through an enhanced reputation (Castaldo et al 
2009; Hammond and Slocum, 1996), leading to a competitive 
advantage (Freeman et al, 2007; Menon and Menon, 1997; Podnar 
and Golob, 2007). 
The final area that Perrini et al (2009) identify as benefiting is an 
enhanced relationship with the financial community (because firms 
engaging in CSR are perceived to have lower risk due to enhanced 
disclosure and reporting of potential liabilities from environmental 
and social issues along with the belief that they are better engaged 
in dialogue to satisfy their stakeholders). Pleon (2005) identified 
the financial community as the stakeholder that most greatly 
appreciated the benefits of reporting on CR issues, and Arnold 
(2008) discusses how reporting of non-financial issues has grown 
in acceptance in recent years. Yet Amaeshi (2010) notes that the 
current level of reporting is still not sufficiently detailed to persuade 
investors of its importance as there is a lack of clarity in ownership 
of environmental, social and governance issues (EABIS, 2009).  
Reporting is the main method of dialogue adopted by most 
organisations to discuss non-financial impacts and as such has 
come under a great deal of scrutiny. It has also lead to the 
development of a number of voluntary standards, for reporting 
such as the GRI (http://www.globalreporting.org), SA 8000 
(http://www.sa-intl.org/), ISO26000 (tinyurl.com/29csnds) and 
AA1000 (http://www.accountability.org/)  In many cases, 
companies need to implement change to be able to report against 
these standards and so a body of literature has developed around 
the different phases that businesses go through on their journey. 
Indeed, a variety of business models and organisational change 
models now exist (e.g. Dunphy et al, 2003; Doppelt, 2010; Epstein, 
2008; Maon et al, 2010) to show the process for integrating 
corporate sustainability. These complement a growing number of 
associations and initiatives that have been developed to support 
the integration of CSR into day to day business (EU, UN, OECD, 
GRI, WBCSD). There is however a disconnect between some 
firms’ communicated intentions and their actions (Jackson 2010), 
which presents a difficulty for those interpreting publicly available 
information such as corporate sustainability and CR reports. If we 
consider the specific case of CR reporting in engineering 
consultants we can see that these discussions points remain 
pertinent. 
 
Corporate responsibility in construction 
A large body of work has been produced looking at the role of 
sustainability in the construction sector, but to date the majority of 
this focuses on the impact of buildings and materials (Willetts et al, 
2010). At present there is less emphasis on the efforts of individual 
businesses to address CR, despite the industry being classed as 
having a high impact across a broad range of issues such as 
emissions, waste, energy and water usage as well as its scale and 
size of labour force. This important gap in research was first 
recognised by Wilkinson et al (2004), but a much smaller body of 
work exists on the role of CR in the construction industry (e.g. 
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Jones et al, 2010; Myers, 2005; Brown et al, 2009; Murray and 
Dainty, 2009 and Petrovic-Lazarevic, 2004) , and very little 
attention has been paid to consultants. 
A review of CR reporting in the UK construction sector (Brown et 
al, 2009) identified the most commonly reported issues to be 
health and safety, energy and resources, carbon, supply chains 
and community, while Myers (2005) found that the industry was 
generally poorly engaged with the CR agenda despite its 
environmental and social impacts. GRI (2008) also undertook a 
study of sustainability reporting in the global construction sector 
and again found the reporting in the sector was less developed 
than many other sectors with those leading being located in Japan, 
Australia and Europe. Their reports showed an emphasis on 
climate change issues and carbon, but a poor understanding of 
economic impacts. This suggests that there is scope for a more 
detailed consideration of CR in the construction sector and more 
particularly, consultants. 
 
COMPARISON OF CONSULTANTS CR PERFORMANCE 
Recognising that there is gap in the research on how the 
consultancy sector is interacting with the CR agenda, this study 
considers how the largest global consultants are performing on a 
number of key topics compared to the leading companies in the 
world from other sectors and also with recognised best CR 
practices. To a certain extent, the pace of change in the field is so 
fast-moving that it is practice-driven rather than academically-
driven, so best practices are often drawn from practice-based 
guidance that has yet to be confirmed in the academic literature, 
despite being widely adopted and implemented. 
Methodology 
Content analysis was selected as an appropriate approach to carry 
out a comparison of CR; it has been used previously to review 
corporate responsibility issues in construction, e.g. Myers (2005); 
Jones et al (2010). Myers (2005) claims it is suitable because it is 
“...objective, consistent and repeatable...” and has some history in 
its use in both the construction sector (Drexer and Larson, 2000; 
Yu et al, 2006), the sustainability arena (UNEP 2000; 2002; WWF, 
2004; and Sustainability et al, 2004) and corporate responsibility 
(Unerman, 1999; Milne and Adler 1999).  
This research study reviewed various sources of secondary data to 
provide a better understanding of current practices. A matrix was 
constructed of companies and pertinent themes from the literature 
and used to collect and analyse the data. In this instance, the use 
of data counts of specific words or phrases was not considered 
insightful. 
Data was collected from annual reports, CR reports and company 
websites. Although there is an argument in the literature for using 
annual reports (Adams and Harte, 1998), the other documents 
were chosen to give a more rounded picture of each company’s 
CR practices, recognising that solely considering corporate reports 
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might not give the complete picture, as acknowledged by Roberts 
(1991). Using an expanded selection of documents was also 
possible as the analysis was only looking at the current year’s 
reporting and not measuring progress over time, so there was not 
a risk of being overwhelmed by material. 
Comparisons were made with trends from two recent studies, 
Craib and PriceWaterhouseCooper (2009), hereafter referred to as 
Craib and PWC (2009), and KPMG (2008). Craib and PWC (2009) 
looked at over 1,115 firms from the world’s largest indices to 
establish best practices in CSR before finding benchmarks for 
implementation using 100 companies, split evenly between US, 
Canada, Europe/ Japan/ Australia, and the rest of the world. 
KPMG (2008) undertook a survey of reporting trends of 2,100 
companies, including the G250, representing the largest 250 global 
companies as well as the largest 100 companies from 22 
countries. 
The firms that were chosen for this research were based on the 
ENR (Engineering News Record) 2009 Top 500 design firms, NCE 
(New Civil Engineer) 2009 Consultants File and ENR 2009 Top 
Global design firms. This allows the biggest global, US based and 
UK based firms to be selected for analysis providing a global 
overview as well as comparison between US and European firms. 
There was some overlap on these lists, so a total of twenty firms 
were selected. The companies reviewed were: 
• AMEC 
• Arup 
• Atkins 
• Bechtel 
• CH2MHILL 
• Flour 
• Fugro 
• Jacobs 
• KBR 
• Mace 
• Mott MacDonald Group 
• Mouchel 
• Parsons Brinckerhoff 
• RPS Group 
• Shaw Group 
• SNC-Lavalin International 
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• Tetra Tech Inc. 
• URS Corp. 
• Worley Parsons 
• WSP Group 
The companies in this sample represent the USA (9), UK (8), 
Netherlands (1), Canada (1) and Australia (1), with multiple 
companies claiming offices in over 40 countries and some 
companies claiming to have projects in over 140 countries. Staff 
sizes range from 2.800 – 50,000 with over 450,000 directly 
employed across the 20 companies. Revenues range from 
$0.45bn to $30bn, with a total sample revenue of $550bn. These 
figures highlight the scale of the construction consultancy sector as 
well as their scale and reach internationally.  
RESULTS 
The results of the analysis are presented here under two key 
themes that were found within the CR documents: communication 
and reporting, and management and organisational performance. 
Communication and reporting 
Company websites 
Of the 20 companies selected it was found that 19 companies 
referenced the concepts of sustainability and/or social 
responsibility on their websites in some format. Ten provided a 
single web page, seven providing a section with multiple pages 
with two providing stand-alone websites to explore their CR 
implementation and 40% placing a link to related issues on the 
front page of their website. This correlates with Craib and PWC 
(2009) who found that an average of 75% of corporate websites 
contained CR information, but only 40% provided a link on the front 
page. Environment, employees, health and safety and community 
were the most frequently covered issues, with comparatively little 
focus on management systems or supply chains. 
Websites and internet pages have been used as one of the main 
methods of reporting disclosures. Esrock and Leichty, (1998) and 
Neu et al (1998) found that communication was nearly always one-
directional with an information push from the organisation with little 
ability for dialogue, a tendency to focus on positive impacts and 
good news stories, and an absence of reporting on negative 
impacts. These findings are in line with the examples considered in 
this study with a few sites providing a link to an email address to 
raise CR queries but none with mechanisms in place for dialogue 
or discussion. This interaction is now becoming best practice in CR 
reporting; web 2.0 and social media applications are now 
recognised as a potential way to increase awareness (Fieseler et 
al, 2010) 
 
 
The one that doesn’t was Tetra Tech. 
Mott MacDonald and Parsons Brinckerhoff both 
have dedicated websites for sustainability issues. 
http://www.sustainability.mottmac.com/ 
http://pbsustainability.com/sustainability_at_pb/ 
 
Transparency is a challenge to all companies 
seeking to present and promote CSR issues. 
Enabling a mechanism for feedback and 
discussion could be perceived as creating a 
conduit for negative opinion and results to be 
publicly available but it is generally felt that the 
dialogue can be beneficial in building reputation 
and engaging stakeholders. 
Jacobs allows feedback on our report but only 
through JNet. There is currently no mechanism 
for staff to suggest or feedback sustainability 
concerns, suggestions or questions. 
Examples from other companies: 
Coca Cola encourages stakeholder feedback on 
their report. http://tinyurl.com/6fcom5c 
 
Shell hold webchats and live Q&A’s on their mini-
site on pertinent issues. http://tinyurl.com/d38hct 
Intel blog with internal leadership engaging in 
debates on issues. http://blogs.intel.com/csr/ 
SAP provide comment box’s with visible 
feedback and polls. http://tinyurl.com/5v3cxfu 
Jacobs provide a single page that is linked from 
the main page. 
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Report format 
Nine of the organisations (45%) published stand-alone reports with 
six being referred to as sustainability reports, one as a corporate 
responsibility report and one as a sustainability and corporate 
responsibility report, with lengths varying from 27 to 134 pages. In 
comparison 79% of the G250 published reports in 2008, up 30% in 
the previous three years; where it was found that the UK and 
Japan were leaders in reporting (KPMG, 2008). Makower (2009) 
noted that in the S&P500, 57% of reports were titled corporate 
responsibility and 23% sustainability which contrasts with the 
adoption of terminology in the organisations studied here. 
Of the remaining 11 companies, seven (35%) integrated their 
reporting into annual reports; this is in contrast to the 3% of G250 
firms who used integrated reporting (KPMG 2008). Discussions 
ranged from 1-16 pages, noticeably shorter than those who 
published stand-alone reports. The companies that produced 
separate sustainability reports also mentioned their sustainability 
practice in their annual financial reports but far more briefly. Of the 
remaining four companies, there was no discussion of 
performance on CR in their reports; these were all US-based 
companies and highlights an important difference of adoption 
compared to the UK based firms. 
Reporting standards and guidelines 
Of the 20 companies, 25% (4 US and 1 UK) followed the reporting 
guidelines of the Global Reporting Initiative (GRI) compared to 
77% of the G250 (KPMG, 2008), with three not rating themselves, 
one rating themselves a B and one a C. Only one company 
provided a third party verification of the reporting. The GRI 
provides a framework for companies to report, with a selection of 
issues that companies might be responsible for and a consistent 
method of reporting, allowing easier comparison between 
performance of companies as well as awarding ratings for levels of 
compliance with the framework. 
Of the other frameworks that could be used to implement CR, 
AA1000 was not used by any companies compared to an uptake of 
10% among the G250; SA8000 was used by one UK company 
(very much in line with the 5% use within the G250) and two 
companies (1 USA and 1 UK) subscribed to the UN Global 
Compact, compared to 40% in the G250 (KPMG, 2008). No other 
guidelines were utilised. The UN Global Compact has 7,300 
members and provides a strategic policy for business to report 
alignment and performance annually on ten principles covering 
human rights, environment and anti-corruption. Only one report 
was third party verified (using AAS1000AS), while two 
acknowledged this to be a future plan. This contrasts with Craib 
and PWCs’ (2009) findings that 44% of G250 reports provided 
assurance statements in which 47% were criticised for bad 
reporting by the third party, with mining, utilities and oil and gas 
being the three strongest industries on providing third party 
assurance (KPMG, 2008). However, it is expected that assurance 
will become a growing trend as companies look to demonstrate 
that their reports are credible because stakeholders are 
Jacobs last report was 134 pages long, in 
comparison to 32 in 2009 and is titled 
Sustainability Report. The next longest was 62.               
Arup and Atkins are the best examples of 
integrated reporting in this study. 
The four companies that made no mention of the 
issues are: URS, Shaw Group, Bechtel and Tetra 
Tech. 
Despite lack of reporting URS and Tetra Tech 
ranked 2nd and 3rd after CH2MHILL for 
engineering brands associated with sustainability 
in the US in a study by Verdantix, Jacobs was 
11th. 
Jacobs, Fluor, CH2MHILL, AMEC and Parsons 
Brinckerhoff all reported in accordance with GRI. 
Fluor ranked themselves as a B and AMEC a C. 
A sector specific supplement to the GRI for the 
Construction and Real Estate Sector is currently 
being developed and open for comment until 
March 2011. 
Mott McDonald use SA8000 
CH2MHILL and AMEC both use the UN Global 
Compact 
AMEC used 3rd party verification. 
Clients such as National Grid, United Utilities and 
EdF, Machester Airport and Eon are currently 
using  schemes such as GRI, AA1000 and 
Global Compact. 
While other clients such as BAA and Network 
Rail aren’t currently using the schemes 
mentioned, they are providing 3rd party 
verification and assurance to support their 
reporting. 
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demanding greater transparency. At the moment assurance is 
predominantly provided by large accounting and auditing firms 
using frameworks such as AA1000AS, ISAE3000 and GRI 
Guidelines (Ackers, 2009). 
Management and organisational performance 
Organisational governance 
Six firms had a sustainability policy while nine addressed 
sustainability in their mission statements or values. The importance 
of showing commitment to CR at this level has been highlighted by 
Mirvis et al (2010), but previous work showed only 23% of 
employees were found to believe that company mission 
statements guided their actions (BetterWorkplaceNow, 2000). 
Nevertheless high level commitment is still seen as one of the best 
ways to drive the message both internally and externally that an 
organisation is not just looking for good PR, but seeking to 
establish a long term business plan.  
Seven companies had responsibility for CR at board level while six 
had sustainability committees. This is important; EABIS (2007) 
found that influence at board level, top management support, 
committee influence and the frequency of presentation of CR 
issues to the board were strongly linked to better performance on 
CR issues. Spitzeck (2010) also discusses the important role that 
committees and board champions have to play in the success of 
good CR.  
Six of the companies discussed how they had put in place 
knowledge management systems which they believed were 
helping them to deliver sustainable solutions, while six (5 Uk and 1 
US) discussed the development of leadership training schemes in 
sustainability for staff. Four (1 USA, 3 UK) mentioned integrating 
sustainability issues into staff inductions. 
Performance and target-setting 
One company assessed was listed on the Dow Jones 
Sustainability Index, while three companies were listed under 
FTSE4 Good. These specialist indexes look to highlight the 
companies that are leading performers in corporate responsibility 
and ensure that a number of criteria are met to maintain inclusion. 
Presence on the indices is seen to highlight good communication 
between the company and financial markets. 
Eight (2 USA, 6 UK) had measurable targets in their reports mainly 
linked to carbon, while only four (25%) had targets across 
environmental, social and economic issues, provided an overview 
on a single page. By comparison Craib and PWC (2009) found that 
59% of analysed reports provided a summary of objectives on a 
dedicated page, with 46% reporting progress and 52% providing 
targets. This reflects the findings of Satija (2009) who found that 
the reports were most likely to present aspirations without showing 
a strong connection to action; the lack of benchmarking and 
verification also makes it hard to confirm that progress is genuine. 
Jackson (2010) stated that incorporating CR Key Performance 
Indicators (KPI’s) was one of the ways to ensure managers 
KM – Fluor, CH2MHILL, Arup, AMEC and 
Parsons Brinckerhoff and SNC Lavalin (I am also 
aware of AECOM doing this). 
Leadership – Mott McDonald, WSP, Arup, 
Mouchel, Parsons Brinckerhoff and Amec. 
Inductions-CH2MHILL, Mott McDonald, WSP 
and AMEC. 
AMEC is listed on the Dow Jones, AECOM 
intend to be. 
WSP, Mouchel and RPS are listed on the FTSE4 
Good 
CH2MHILL, ATKINS, Mott McDonald, Arup, 
Mouchel, Parsons Brinkerhoff, WSP and AMEC. 
Arup provides a clear single page while 
CH2MHILL provide a good summary on 
progress. 
This accusation is pertinent to our major UK 
clients as a number have stated policies and 
implementation plans, but with no means for the 
reader to consider performance against these. 
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developed a better understanding of the relevance of CR to the 
company and day to day work, while Ferguson (2009) provided 
insight into how implementing robust targets and measures 
improves CR performance and competitive advantage. 
Carbon was discussed by 14 firms with 11 companies (2 USA, 3 
international and 6 UK) reporting under the Carbon Disclosure 
Project (CDP), but only eight of the 20 discussed wishing to reduce 
CO2
 
 and only four (25%) published reduction targets. This is 
compared to findings of Craib and PWC (2009) who found 87% of 
companies reported greenhouse gas emissions, with 68% of 
European, Australian and Japanese companies publishing targets. 
Social accountability 
Ten of the companies had clearly stated volunteer programmes in 
place, split evenly across nationalities. Only three had matched 
staff giving schemes and eight reported clearly on their charitable 
donations, ranging in value from $101k - $7m. The sums donated 
by US-based firms were of the order of ten times the size of those 
given by the UK firms. Philanthropy is often not considered an 
important part of CR in Europe as it is not part of a business’s 
operations (Frynas, 2009), but can be an important way for 
companies to integrate, especially if they develop relationships 
with organisations who can benefit from the skills the company has 
or is located in the community in which the organisation operates. 
Five companies (2 USA/3 UK) have implemented wellbeing 
policies for staff, while eight had zero harm policies. Health and 
safety was a strong theme in the majority of the reports, which is 
not surprising given the nature of the industry and focus that has 
been given to improving the safety of construction work. This was 
the most frequently reported data that included actual figures, 
showing that firms were comfortable to discuss the issue and had 
systems in place to monitor performance. 
Stakeholder identification and engagement 
While nearly all firms mentioned stakeholders, (the most common 
being client, employee, communities and shareholders), only 10% 
mapped them and just one provided a clear outline of the dialogue 
employed to address each stakeholder and their materiality (the 
process of identifying the issues over which the firm has influence). 
This does not align with Craibs and PWC’s (2009) findings that 
48% of European, Australian and Japanese firms and 24% of US 
firms explain materiality, with 76% describing the specific 
engagement methods used and 33% outlining the findings from the 
dialogue. None of the consultants considered produced a 
materiality index such as those highlighted by AccountAbility 
(2006). These are considered to be best practice and illustrate the 
importance of issues raised from dialogue for both the 
stakeholders and the organisation, showing areas most in need of 
attention. 
Risk was covered by 25% of companies, albeit very briefly (generic 
statements on recognising risk) by all but one, this compares with 
66% who reported in Craibs and PWC (2009) study. Interestingly, 
the exception was the only company to discuss it had engaged 
CDP – Jacobs, Fluor, Atkins, WSP, Arup, 
Mouchel, RPS, AMEC, Fugro, Worley Parsons, 
SNC-Lavalin. 
 
 
Jacobs, Mott McDonald, Mouchel, Parsons 
Brinckenhoff and Amec wellbeing programs and 
Jacobs, Fluor, URS, Shaw Group, CH2MHILL, 
PB, AMEC, Bechtel and Worley Parsons have 
Zero Harm targets. 
Flour and Mouchel outlined stakeholders. 
Mouchel provided dialogue diagram. 
Examples of materiality matrix: 
http://corporateresponsibility2010.unitedutilities.c
om/documents/Materiality_Matrix.pdf 
http://www.sapsustainabilityreport.com/feedback/
materiality-matrix 
 
Fluor, WSP, Parsons Brinkerhoff AMEC and Mott 
McDonald. 
AMEC engaged with SRI community. 
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with the SRI (Socially Responsible Investment) community. This 
community seeks to invest in ways to maximise economic and 
social outcomes and represents 7% (by value $7 trillion) of the 
global financial market and growing (Bitman and Fargo, 2009). The 
company concerned was asked to be more detailed in their 
disclosure of risk in their CR report; they took this on board and 
then provided the most comprehensive disclosure of all the 
reports, showing the positive impact of two-way dialogue. 
The voluntary nature of reporting means negative aspects are 
often not reported; only six reports commented on negative 
impacts such as fraud, environmental incidents and health and 
safety incidents. These were all extremely brief, typically a 
paragraph focussing on a specific incident. Transparency is one of 
the most discussed topics in CR and, for reports to be considered 
more than PR exercises, it is essential that companies highlight not 
only the good, but also areas of concern and in need of 
improvement. This will allow readers to get a more rounded view of 
the company’s performance, similar to that achieved regarding 
financial reporting and liabilities. 
 
DISCUSSION AND RECOMMENDATIONS 
Having considered the reports in detail and with reference to 
salient literature, we now develop a series of recommendations to 
help consulting engineering firms engage with CR.   
At present reporting is predominantly in PDF and paper format with 
only three companies providing online customisation, which is 
being seen as the way forward in best practice. This allows 
reporting online to be formatted and put together in a way that is 
suitable for the reader because at present the intended audience is 
not always clear. Inclusion of a single page ‘dash board’ on 
performance would also be beneficial, as well as use of alternative 
media and inclusion for greater dialogue with stakeholders. 
Companies should recognise when working across territories that 
readers in India might have very different interests from those in 
America or Latin America, while investors will require different 
information from clients or local communities. Therefore it is 
important that the information is comprehensive and relevant, but 
provided in a format that allows it to be optimised by the reader. 
While companies are reporting on carbon, there is no consensus 
on the reported indicators, making it hard to perform comparisons. 
It being commonly normalised, variously, by employees, turnover, 
or area. Companies should provide total amounts as well as 
publish year on year progress allowing the reader to better 
understand overall performance, targets and if they are being met. 
Companies would do well to look to reporting on waste and water 
in a similar manner to current disclosures on carbon and energy as 
this would provide a more holistic view of the company’s 
environmental impacts. 
A vast amount has been published on the importance of dialogue 
and good engagement, and while most of the companies claim to 
be engaging at present they only name a small core of 
Fluor, Mott McDonald, WSP, Parsons 
Brinkerhoff, AMEC and SNC Lavalin 
These recommendations are general industry 
ones rather than Jacobs specific. The 
commentary provided provides some discussion 
about implementation. 
Examples: 
http://www.pbworld.com/sustainability/ 
http://www.centrica.com/index.asp?pageid=322 
http://cr.aviva.com/index.asp?pageid=1 
http://www.sustainability2009.bayer.com/ 
http://www.report.basf.com/2009/en/servicepage
s/welcome.html 
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stakeholders. This lacks detail on engagement methods and 
feedback, possibly hindering the full benefit of the engagement. It 
is also unclear what processes are being used to establish 
materiality and in which areas. Consultants could learn from the 
leading companies in other sectors, such as mining, oil and gas, 
chemical and pharmaceutical who, by the nature of their industries 
and media attention, have been early adopters of stakeholder 
dialogue techniques.  
They could also look to expand their dialogue with NGO’s. While 
many look to engage through philanthropy, only a couple are 
building relationships with NGO’s and using these to receive 
feedback and leverage competitive advantage based on CR 
through reduced risk and enhanced reputation. Lack of alignment, 
via charity and volunteer actions with the direction of the business, 
means that consequently they are not looking to help local 
communities or charities that could utilise the firm’s knowledge. It 
is also important that companies don’t claim individual staff actions 
that sit outside of the company’s policies as part of their CR 
progress; this can misrepresent their genuine contribution. 
Two of the most important themes in good CR and receiving ever 
greater attention are the role of accountability and transparency. At 
present the majority of the firms in this study are in the infancy of 
the journey to improving both of these but there is a long way to 
go. For CR to make the greatest impact it is essential that firms 
provide stakeholders with more detailed disclosures relating to the 
way the organisation is addressing CR issues throughout its 
operations. To help with this a wide variety of standards and 
guidance exist, such as those by GRI, AccountAbility, WBCSD and 
ISO. Companies should look to adopt these templates to ensure a 
comprehensive range of subjects are covered ensuring the 
maximum impact of CR implementation and allowing readers to 
better compare performance on a range of issues between firms. 
Third party verification will also have a role to play, allowing firms 
to receive feedback on their programmes and reporting. This 
provides stakeholders with a degree of certainty that the content is 
accurate, as well as highlighting weaknesses and helping 
investors, clients and other stakeholders to make better informed 
choices. 
While a few companies have looked to allocate responsibility for 
CR at board level, this should be adopted more widely as it has 
been shown that the higher the level of support and more frequent 
the presentation of CR issues to board level members, the more 
successful the implementation. Consultancies can also look to 
better integrate CR across the organisation and into public 
relations, communications, marketing and HR functions within the 
business. HR in particular can be beneficial for allowing greater 
development of employee training and awareness, providing 
incentives and revising reward schemes, linking CR performance 
with remuneration and empowering employees to engage with all 
stakeholders. 
Along with the voluntary frameworks that have been developed to 
assist in reporting good CR, a number of academic and practitioner 
developed phase change models have been developed to show 
Useful organisations: 
GRI 
http://www.globalreporting.org/Home 
 
Global Compact 
http://www.unglobalcompact.org/ 
 
AccountAbility 
http://www.accountability.org/ 
 
ISO26000 
http://www.iso.org/iso/catalogue_detail?csnumbe
r=42546 
 
World Business Council on Sustainable 
Development 
http://www.wbcsd.org/templates/TemplateWBCS
D5/layout.asp?MenuID=1 
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the transition companies go through while adopting CR. Some of 
these models have been summarised and consolidated by Maon et 
al (2010), as seen in Table 1.  
INSERT TABLE 1 
Recognising these stages, as well as their current positions on a 
variety of issues set out in the framework they developed, would 
allow consultancies to benchmark their current position and utilise 
a phase change model, such as that developed by Maon et al 
(2008). This consolidates existing literature and practice to identify 
nine steps that will assist an organisation in implementing a CR 
policy, these being: 
1. Raise CSR awareness inside the organisation 
2. Assess corporate purpose in its societal context 
a. Identify key stakeholders and critical issues 
3. Establish a vision and a working definition for CSR 
4. Assess current CSR status 
a. Benchmark competitors’ CSR practices and CSR 
norms and standards 
5. Develop a CSR-integrated strategic plan 
6. Implement the CSR integrated strategic plan 
7. Communication about CSR commitments and 
performance 
8. Evaluate CSR integrated strategies and communication 
9. Institutionalise CSR 
This change model provides a robust framework for consultancies 
to change their current CSR paradigm when supplemented with 
the work of Bertels et al (2010); which provides an extensive 
resource of the current tools and change methods that can be 
utilised to embed sustainability in organisations along with 
supporting examples or empirical evidence for the impact of each 
initiative or procedure. They identified 13,756 pieces of literature 
relevant to embedding sustainability, before narrowing it down to 
96 highly relevant sources and allowing them to construct a tool to 
identify the most suitable methods for fostering commitment, 
clarifying expectations, building momentum for change and 
instilling capacity for change, identifying methods and resources 
for each case. 
 
CONCLUSION 
It is clear from the existing literature that CR will be a major issue 
for business in the coming years, representing a phase change in 
business practice as movements such as health and safety, quality 
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management and IT did in previous decades. The benefits to 
business are wide ranging and diverse, with many companies 
beginning to see results. It is also clear that construction and 
engineering projects are often high impact with large demands on 
resources and communities; CR provides a mindset to help 
consider and minimise these impacts and if well implemented, 
leads to increased staff awareness, lower impacts and better 
alignment with stakeholders in all elements of work, increasing 
overall company value. 
It is clear from the research that CR reporting and implementation 
in consultants is generally lagging behind other sectors and this 
has been found to be true in general for the wider construction 
industry. There is a clear difference between European and US-
based firms on the use of integrated reporting, but the American 
firms appeared to make much larger charitable donations. 
Whilst it is obvious from the research that sustainability is now a 
topic of importance for nearly all the companies in the study the 
current levels of discussion are remarkably varied. Even in this 
small sample, this ranges from no acknowledgement, to a 
company making use of many reporting best practices and leading 
the way on such reporting in both the USA and Europe. 
At present it is clear that environmental issues remain the most 
well understood and discussed within these CR reports, with the 
majority of companies publishing an environmental statement. 
Social issues that focus on employee welfare and diversity issues 
are very common; although communities is a commonly discussed 
term in the reports, at present there seems no clear consensus on 
what this involves or how to measure or report it. Economic issues 
appear the least well understood with the least focus and dialogue, 
perhaps because firms feel this is addressed better in annual 
reports. 
The general CR themes found within company literature were very 
much in line with those found by Brown et al (2009) and it is 
interesting that the focus that carbon has obtained perhaps 
because it is perceived as a current “hot topic” as well as an area 
for financial saving, with common initiatives reported revolving 
around energy efficiency measures in offices. 
The quality of CR reporting was also called into question with 
some criticisms around the veracity of some firms’ stakeholder 
engagement statements; there is a clear opportunity for 
consultants to improve their approach and document it carefully. 
This research has also reiterated the importance of using robust 
reporting standards for accuracy and comparability.  
Finally some recommendations have been made on how 
consultants can look to broaden and deepen their current CR 
practices including many emerging best practices from other 
sectors and emphasised the importance of transparency and 
accountability for good CR to be effective. 
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Table 1 - CSR organisation development stages (Maon et al, 
2010) 
CSR cultural phase Stage of CSR 
development 
CSR view and prominence in organisational 
culture 
CSR CULTURAL 
RELECUTANCE 
1.Dismissing ‘Winning at any cost perspective’/ None 
2.Self-protecting ‘Reputation & Philanthropy perspective’/ CSR as 
marginal 
3.Compliance 
seeking 
‘Requirements perspective’/ CSR as worthy 
interest 
CSR CULTURAL 
GRASP 
4.Capability 
seeking 
‘Stakeholder management perspective’/ CSR as 
influential 
5. Caring ‘Stakeholder dialogue perspective’/ CSR as 
embodied 
6. Strategizing ‘Sustainability perspective’/ CSR as prevailing 
CSR CULTURAL 
EMBEDMENT 
7. Transforming ‘Change the game perspective’/ CSR as ingrained 
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Taken from Verdantix, September 2010 ( http://tinyurl.com/4l8rlno ) 
 
This report produced by Verdantix looked at the positioning of US engineering firms on sustainability based on 
their capabilities as well as opinions from customer organisations who commission sustainable projects across 
six industries in the US. Its recommendations for companies in Jacobs quadrant are: 
• Innovate beyond traditional expertise to gain differentiation 
• Develop an internal sustainability program 
• Increase marketing of sustainable services. 
• Increase stakeholder engagement. 
• Increase transparency. 
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INTRODUCTION 
The adoption of corporate sustainability and corporate social 
responsibility reporting has received growing acceptance in the 
business world. Recent surveys indicate that the number of 
companies undertaking such reporting has grown from 50% five 
years ago, to close to 80% in the 250 largest global companies 
(KPMG, 2008).  It has been shown however that the majority of 
companies reporting are multinational corporations (Gjolberg, 
2009), which is believed to be due to their increased public 
exposure to varied markets and diverse cultural issues. To date 
the greatest progress in reporting has come from the extractive 
and manufacturing industries with a much slower response from 
the service industries and construction sector. 
Whilst some studies have been undertaken to look at current 
practices in the construction industry these mainly consider 
specific elements such as ethics or welfare, or major on the 
impacts of the construction process such as waste or materials. 
Little attention has been paid to the practices of consultants and 
this research examines the role of corporate responsibility (as the 
communication of commitment to corporate sustainability) and the 
current level of implementation in consulting engineering. The 
research is based on information in the public domain, 
predominantly using company annual reports and websites. 
 
CORPORATE SUSTAINABILITY AND CORPORATE SOCIAL 
RESPONSIBILITY 
Sustainability has increased in profile in management literature in 
recent years (Porter and Kramer, 2006; Koltler and Lee, 2005; 
Orlitzky et al, 2003) with an increasing focus from the corporate 
world. Corporations are increasingly being held responsible for the 
impacts they make in the societies in which they operate (Hartman 
et al, 2007), but they also recognize the benefits that corporate 
responsibility can bring. Frynas (2009) cites a McKinsey survey 
(Bielak et al, 2007) showing that 95% of CEO’s believe that society 
has greater sustainability expectations on them than five years ago 
and over half believe these expectations will be significantly 
greater in another five years, particularly regarding public 
responsibilities. 
At present the terms corporate responsibility (CR), corporate social 
responsibility (CSR) and corporate sustainability (CS) are all used 
in published literature; their use is well defined in academic 
literature, whereas management literature tends to use the terms 
interchangeably. Montiel (2008) suggests that while they may 
come from different origins (with articles on CSR being published 
since the 1970’s and CS not being published until the 1990’s), they 
are merging topics with significant areas of overlap, especially 
within their implementation in the corporate world. For the purpose 
of this paper, they shall be used interchangeably. 
While CSR may have grown out of dialogue over the role of the 
company versus the government in issues such as employee 
welfare or Health and Safety, before moving on to consider specific 
Jacobs produces an annual sustainability report 
which broadly covers the aspects commonly 
associated with CSR. 
This paper has been produced as part of an 
ongoing Engineering Doctorate. The purpose of 
this element of the research is to understand the 
‘baseline’ of companies similar to Jacobs in term 
of reporting which will assist in identifying gaps 
and areas for improvement. The findings of this 
paper will contribute to the next stages of 
interviewing and understanding client 
expectations and the demands placed upon 
them.  
Useful free reports on the current state of CSR 
and sustainability adoption/ trends in business 
MIT Sloan Review 
http://sloanreview.mit.edu/the-
magazine/articles/2011/winter/52213/first-look-
at-the-second-annual-sustainability-and-
innovation-survey/ 
 Siemens Greening Corporate America 
http://www.buildingtechnologies.siemens.com/bt/
us/Press/press_release/2009_press_releases/Pa
ges/GREENINGOFCORPORATEAMERICAREP
ORTAVAILABLEONLINE.aspx 
Accenture and UN 
http://www.unglobalcompact.org/docs/news_eve
nts/8.1/UNGC_Accenture_CEO_Study_2010.pdf 
Daily summary on sustainable business 
http://www.smartbrief.com/sustainability/ 
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environmental issues. CSR has now moved on from simple 
philanthropic giving to being the basis for responsible decision 
making throughout an organisation’s structure and alignment with 
its business strategy (Zollo, 2008). Szekely and Knirsch (2005) 
believe that pursuing sustainability for business involves the 
implementation of more ethical business practices, attending to the 
needs of stakeholders and sustaining and expanding economic 
growth, whilst also minimising impacts on the environments and 
societies they operate in.  
Although it is easy to dismiss these concerns as not aligned with 
the business’s role to increase shareholder value (Corporate 
Watch, 2006) there has been a clear shift towards stakeholder 
value theory (Freeman, 1984; Reich, 1998; Brown and Fraser, 
2006) whereby organisations listen and adapt their businesses to 
the needs of internal, external and institutional stakeholders. This 
helps companies identify a number of drivers for the adoption of 
more sustainable practices. For example, Bansal and Roth (2000) 
considered motives for improving corporate environmental 
performance to be; increased legislation, stakeholder pressures, 
economic opportunities and ethical motives (citing work by Dillon & 
Fischer, 1992; Lampe, Ellis, & Drummond, 1991; Lawrence & 
Morell, 1995; Vredenburg & Westley, 1993; Winn, 1995). 
Significant research has been undertaken to establish the financial 
benefit of corporate responsibility activities to organisations, with 
some studies (such as Mercer, 2009; BITC 2009; Peloza and 
Yachnin, 2008) showing that firms which embrace CR outperform 
those who have stuck to the more traditional mind-set of “the role 
of business is business”. Other studies have not been so 
successful in establishing this link, although a few have found 
there to be a negative correlation. For instance, in a review of 
financial performance, Perrini et al (2009) found research 
measuring social performance with financial performance to be 
inconsistent, they acknowledged the relationship complex and 
nuanced and therefore difficult to make a case either way. 
However, Perrini at al (2009) did identify a number of other areas 
that CR added value to the business in line with the drivers 
mentioned above. The study found a strong link between reduced 
environmental impacts and enhanced financial performance 
(arising from improved efficiencies and reduced liabilities) showing 
that CR has a potentially profitable role to play. They also identified 
a strong case within literature that increased organisational 
concern for social and ethical issues, when transformed into 
policies and programs, leads to improved employee satisfaction, 
well-being and behaviour (e.g. Davis and Rothstein, 2006; Prottas, 
2008) as well as increased employee commitment (espoused by 
Valentine and Barnett, 2003), motivation (Grant, 2007) and 
employer attractiveness for new candidates (Greening and Turban, 
2000), which all contributed to increased organisational benefits as 
identified by Paine (2003), such as lower staff turnover, higher 
productivity and greater appeal. 
Enhanced trust and client loyalty have also been identified (e.g. 
Smith, 2003; Luo and Bhattacharya, 2006) as benefits of the 
adoption of CR, due to improved dialogue with clients and 
consumers which creates higher satisfaction levels (Bhattacharya 
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and Sen, 2003) through an enhanced reputation (Castaldo et al 
2009; Hammond and Slocum, 1996), leading to a competitive 
advantage (Freeman et al, 2007; Menon and Menon, 1997; Podnar 
and Golob, 2007). 
The final area that Perrini et al (2009) identify as benefiting is an 
enhanced relationship with the financial community (because firms 
engaging in CSR are perceived to have lower risk due to enhanced 
disclosure and reporting of potential liabilities from environmental 
and social issues along with the belief that they are better engaged 
in dialogue to satisfy their stakeholders). Pleon (2005) identified 
the financial community as the stakeholder that most greatly 
appreciated the benefits of reporting on CR issues, and Arnold 
(2008) discusses how reporting of non-financial issues has grown 
in acceptance in recent years. Yet Amaeshi (2010) notes that the 
current level of reporting is still not sufficiently detailed to persuade 
investors of its importance as there is a lack of clarity in ownership 
of environmental, social and governance issues (EABIS, 2009).  
Reporting is the main method of dialogue adopted by most 
organisations to discuss non-financial impacts and as such has 
come under a great deal of scrutiny. It has also lead to the 
development of a number of voluntary standards, for reporting 
such as the GRI (http://www.globalreporting.org), SA 8000 
(http://www.sa-intl.org/), ISO26000 (tinyurl.com/29csnds) and 
AA1000 (http://www.accountability.org/)  In many cases, 
companies need to implement change to be able to report against 
these standards and so a body of literature has developed around 
the different phases that businesses go through on their journey. 
Indeed, a variety of business models and organisational change 
models now exist (e.g. Dunphy et al, 2003; Doppelt, 2010; Epstein, 
2008; Maon et al, 2010) to show the process for integrating 
corporate sustainability. These complement a growing number of 
associations and initiatives that have been developed to support 
the integration of CSR into day to day business (EU, UN, OECD, 
GRI, WBCSD). There is however a disconnect between some 
firms’ communicated intentions and their actions (Jackson 2010), 
which presents a difficulty for those interpreting publicly available 
information such as corporate sustainability and CR reports. If we 
consider the specific case of CR reporting in engineering 
consultants we can see that these discussions points remain 
pertinent. 
 
Corporate responsibility in construction 
A large body of work has been produced looking at the role of 
sustainability in the construction sector, but to date the majority of 
this focuses on the impact of buildings and materials (Willetts et al, 
2010). At present there is less emphasis on the efforts of individual 
businesses to address CR, despite the industry being classed as 
having a high impact across a broad range of issues such as 
emissions, waste, energy and water usage as well as its scale and 
size of labour force. This important gap in research was first 
recognised by Wilkinson et al (2004), but a much smaller body of 
work exists on the role of CR in the construction industry (e.g. 
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Jones et al, 2010; Myers, 2005; Brown et al, 2009; Murray and 
Dainty, 2009 and Petrovic-Lazarevic, 2004) , and very little 
attention has been paid to consultants. 
A review of CR reporting in the UK construction sector (Brown et 
al, 2009) identified the most commonly reported issues to be 
health and safety, energy and resources, carbon, supply chains 
and community, while Myers (2005) found that the industry was 
generally poorly engaged with the CR agenda despite its 
environmental and social impacts. GRI (2008) also undertook a 
study of sustainability reporting in the global construction sector 
and again found the reporting in the sector was less developed 
than many other sectors with those leading being located in Japan, 
Australia and Europe. Their reports showed an emphasis on 
climate change issues and carbon, but a poor understanding of 
economic impacts. This suggests that there is scope for a more 
detailed consideration of CR in the construction sector and more 
particularly, consultants. 
 
COMPARISON OF CONSULTANTS CR PERFORMANCE 
Recognising that there is gap in the research on how the 
consultancy sector is interacting with the CR agenda, this study 
considers how the largest global consultants are performing on a 
number of key topics compared to the leading companies in the 
world from other sectors and also with recognised best CR 
practices. To a certain extent, the pace of change in the field is so 
fast-moving that it is practice-driven rather than academically-
driven, so best practices are often drawn from practice-based 
guidance that has yet to be confirmed in the academic literature, 
despite being widely adopted and implemented. 
Methodology 
Content analysis was selected as an appropriate approach to carry 
out a comparison of CR; it has been used previously to review 
corporate responsibility issues in construction, e.g. Myers (2005); 
Jones et al (2010). Myers (2005) claims it is suitable because it is 
“...objective, consistent and repeatable...” and has some history in 
its use in both the construction sector (Drexer and Larson, 2000; 
Yu et al, 2006), the sustainability arena (UNEP 2000; 2002; WWF, 
2004; and Sustainability et al, 2004) and corporate responsibility 
(Unerman, 1999; Milne and Adler 1999).  
This research study reviewed various sources of secondary data to 
provide a better understanding of current practices. A matrix was 
constructed of companies and pertinent themes from the literature 
and used to collect and analyse the data. In this instance, the use 
of data counts of specific words or phrases was not considered 
insightful. 
Data was collected from annual reports, CR reports and company 
websites. Although there is an argument in the literature for using 
annual reports (Adams and Harte, 1998), the other documents 
were chosen to give a more rounded picture of each company’s 
CR practices, recognising that solely considering corporate reports 
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might not give the complete picture, as acknowledged by Roberts 
(1991). Using an expanded selection of documents was also 
possible as the analysis was only looking at the current year’s 
reporting and not measuring progress over time, so there was not 
a risk of being overwhelmed by material. 
Comparisons were made with trends from two recent studies, 
Craib and PriceWaterhouseCooper (2009), hereafter referred to as 
Craib and PWC (2009), and KPMG (2008). Craib and PWC (2009) 
looked at over 1,115 firms from the world’s largest indices to 
establish best practices in CSR before finding benchmarks for 
implementation using 100 companies, split evenly between US, 
Canada, Europe/ Japan/ Australia, and the rest of the world. 
KPMG (2008) undertook a survey of reporting trends of 2,100 
companies, including the G250, representing the largest 250 global 
companies as well as the largest 100 companies from 22 
countries. 
The firms that were chosen for this research were based on the 
ENR (Engineering News Record) 2009 Top 500 design firms, NCE 
(New Civil Engineer) 2009 Consultants File and ENR 2009 Top 
Global design firms. This allows the biggest global, US based and 
UK based firms to be selected for analysis providing a global 
overview as well as comparison between US and European firms. 
There was some overlap on these lists, so a total of twenty firms 
were selected. The companies reviewed were: 
• AMEC 
• Arup 
• Atkins 
• Bechtel 
• CH2MHILL 
• Flour 
• Fugro 
• Jacobs 
• KBR 
• Mace 
• Mott MacDonald Group 
• Mouchel 
• Parsons Brinckerhoff 
• RPS Group 
• Shaw Group 
• SNC-Lavalin International 
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• Tetra Tech Inc. 
• URS Corp. 
• Worley Parsons 
• WSP Group 
The companies in this sample represent the USA (9), UK (8), 
Netherlands (1), Canada (1) and Australia (1), with multiple 
companies claiming offices in over 40 countries and some 
companies claiming to have projects in over 140 countries. Staff 
sizes range from 2.800 – 50,000 with over 450,000 directly 
employed across the 20 companies. Revenues range from 
$0.45bn to $30bn, with a total sample revenue of $550bn. These 
figures highlight the scale of the construction consultancy sector as 
well as their scale and reach internationally.  
RESULTS 
The results of the analysis are presented here under two key 
themes that were found within the CR documents: communication 
and reporting, and management and organisational performance. 
Communication and reporting 
Company websites 
Of the 20 companies selected it was found that 19 companies 
referenced the concepts of sustainability and/or social 
responsibility on their websites in some format. Ten provided a 
single web page, seven providing a section with multiple pages 
with two providing stand-alone websites to explore their CR 
implementation and 40% placing a link to related issues on the 
front page of their website. This correlates with Craib and PWC 
(2009) who found that an average of 75% of corporate websites 
contained CR information, but only 40% provided a link on the front 
page. Environment, employees, health and safety and community 
were the most frequently covered issues, with comparatively little 
focus on management systems or supply chains. 
Websites and internet pages have been used as one of the main 
methods of reporting disclosures. Esrock and Leichty, (1998) and 
Neu et al (1998) found that communication was nearly always one-
directional with an information push from the organisation with little 
ability for dialogue, a tendency to focus on positive impacts and 
good news stories, and an absence of reporting on negative 
impacts. These findings are in line with the examples considered in 
this study with a few sites providing a link to an email address to 
raise CR queries but none with mechanisms in place for dialogue 
or discussion. This interaction is now becoming best practice in CR 
reporting; web 2.0 and social media applications are now 
recognised as a potential way to increase awareness (Fieseler et 
al, 2010) 
 
 
The one that doesn’t was Tetra Tech. 
Mott MacDonald and Parsons Brinckerhoff both 
have dedicated websites for sustainability issues. 
http://www.sustainability.mottmac.com/ 
http://pbsustainability.com/sustainability_at_pb/ 
 
Transparency is a challenge to all companies 
seeking to present and promote CSR issues. 
Enabling a mechanism for feedback and 
discussion could be perceived as creating a 
conduit for negative opinion and results to be 
publicly available but it is generally felt that the 
dialogue can be beneficial in building reputation 
and engaging stakeholders. 
Jacobs allows feedback on our report but only 
through JNet. There is currently no mechanism 
for staff to suggest or feedback sustainability 
concerns, suggestions or questions. 
Examples from other companies: 
Coca Cola encourages stakeholder feedback on 
their report. http://tinyurl.com/6fcom5c 
 
Shell hold webchats and live Q&A’s on their mini-
site on pertinent issues. http://tinyurl.com/d38hct 
Intel blog with internal leadership engaging in 
debates on issues. http://blogs.intel.com/csr/ 
SAP provide comment box’s with visible 
feedback and polls. http://tinyurl.com/5v3cxfu 
Jacobs provide a single page that is linked from 
the main page. 
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Report format 
Nine of the organisations (45%) published stand-alone reports with 
six being referred to as sustainability reports, one as a corporate 
responsibility report and one as a sustainability and corporate 
responsibility report, with lengths varying from 27 to 134 pages. In 
comparison 79% of the G250 published reports in 2008, up 30% in 
the previous three years; where it was found that the UK and 
Japan were leaders in reporting (KPMG, 2008). Makower (2009) 
noted that in the S&P500, 57% of reports were titled corporate 
responsibility and 23% sustainability which contrasts with the 
adoption of terminology in the organisations studied here. 
Of the remaining 11 companies, seven (35%) integrated their 
reporting into annual reports; this is in contrast to the 3% of G250 
firms who used integrated reporting (KPMG 2008). Discussions 
ranged from 1-16 pages, noticeably shorter than those who 
published stand-alone reports. The companies that produced 
separate sustainability reports also mentioned their sustainability 
practice in their annual financial reports but far more briefly. Of the 
remaining four companies, there was no discussion of 
performance on CR in their reports; these were all US-based 
companies and highlights an important difference of adoption 
compared to the UK based firms. 
Reporting standards and guidelines 
Of the 20 companies, 25% (4 US and 1 UK) followed the reporting 
guidelines of the Global Reporting Initiative (GRI) compared to 
77% of the G250 (KPMG, 2008), with three not rating themselves, 
one rating themselves a B and one a C. Only one company 
provided a third party verification of the reporting. The GRI 
provides a framework for companies to report, with a selection of 
issues that companies might be responsible for and a consistent 
method of reporting, allowing easier comparison between 
performance of companies as well as awarding ratings for levels of 
compliance with the framework. 
Of the other frameworks that could be used to implement CR, 
AA1000 was not used by any companies compared to an uptake of 
10% among the G250; SA8000 was used by one UK company 
(very much in line with the 5% use within the G250) and two 
companies (1 USA and 1 UK) subscribed to the UN Global 
Compact, compared to 40% in the G250 (KPMG, 2008). No other 
guidelines were utilised. The UN Global Compact has 7,300 
members and provides a strategic policy for business to report 
alignment and performance annually on ten principles covering 
human rights, environment and anti-corruption. Only one report 
was third party verified (using AAS1000AS), while two 
acknowledged this to be a future plan. This contrasts with Craib 
and PWCs’ (2009) findings that 44% of G250 reports provided 
assurance statements in which 47% were criticised for bad 
reporting by the third party, with mining, utilities and oil and gas 
being the three strongest industries on providing third party 
assurance (KPMG, 2008). However, it is expected that assurance 
will become a growing trend as companies look to demonstrate 
that their reports are credible because stakeholders are 
Jacobs last report was 134 pages long, in 
comparison to 32 in 2009 and is titled 
Sustainability Report. The next longest was 62.               
Arup and Atkins are the best examples of 
integrated reporting in this study. 
The four companies that made no mention of the 
issues are: URS, Shaw Group, Bechtel and Tetra 
Tech. 
Despite lack of reporting URS and Tetra Tech 
ranked 2nd and 3rd after CH2MHILL for 
engineering brands associated with sustainability 
in the US in a study by Verdantix, Jacobs was 
11th. 
Jacobs, Fluor, CH2MHILL, AMEC and Parsons 
Brinckerhoff all reported in accordance with GRI. 
Fluor ranked themselves as a B and AMEC a C. 
A sector specific supplement to the GRI for the 
Construction and Real Estate Sector is currently 
being developed and open for comment until 
March 2011. 
Mott McDonald use SA8000 
CH2MHILL and AMEC both use the UN Global 
Compact 
AMEC used 3rd party verification. 
Clients such as National Grid, United Utilities and 
EdF, Machester Airport and Eon are currently 
using  schemes such as GRI, AA1000 and 
Global Compact. 
While other clients such as BAA and Network 
Rail aren’t currently using the schemes 
mentioned, they are providing 3rd party 
verification and assurance to support their 
reporting. 
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demanding greater transparency. At the moment assurance is 
predominantly provided by large accounting and auditing firms 
using frameworks such as AA1000AS, ISAE3000 and GRI 
Guidelines (Ackers, 2009). 
Management and organisational performance 
Organisational governance 
Six firms had a sustainability policy while nine addressed 
sustainability in their mission statements or values. The importance 
of showing commitment to CR at this level has been highlighted by 
Mirvis et al (2010), but previous work showed only 23% of 
employees were found to believe that company mission 
statements guided their actions (BetterWorkplaceNow, 2000). 
Nevertheless high level commitment is still seen as one of the best 
ways to drive the message both internally and externally that an 
organisation is not just looking for good PR, but seeking to 
establish a long term business plan.  
Seven companies had responsibility for CR at board level while six 
had sustainability committees. This is important; EABIS (2007) 
found that influence at board level, top management support, 
committee influence and the frequency of presentation of CR 
issues to the board were strongly linked to better performance on 
CR issues. Spitzeck (2010) also discusses the important role that 
committees and board champions have to play in the success of 
good CR.  
Six of the companies discussed how they had put in place 
knowledge management systems which they believed were 
helping them to deliver sustainable solutions, while six (5 Uk and 1 
US) discussed the development of leadership training schemes in 
sustainability for staff. Four (1 USA, 3 UK) mentioned integrating 
sustainability issues into staff inductions. 
Performance and target-setting 
One company assessed was listed on the Dow Jones 
Sustainability Index, while three companies were listed under 
FTSE4 Good. These specialist indexes look to highlight the 
companies that are leading performers in corporate responsibility 
and ensure that a number of criteria are met to maintain inclusion. 
Presence on the indices is seen to highlight good communication 
between the company and financial markets. 
Eight (2 USA, 6 UK) had measurable targets in their reports mainly 
linked to carbon, while only four (25%) had targets across 
environmental, social and economic issues, provided an overview 
on a single page. By comparison Craib and PWC (2009) found that 
59% of analysed reports provided a summary of objectives on a 
dedicated page, with 46% reporting progress and 52% providing 
targets. This reflects the findings of Satija (2009) who found that 
the reports were most likely to present aspirations without showing 
a strong connection to action; the lack of benchmarking and 
verification also makes it hard to confirm that progress is genuine. 
Jackson (2010) stated that incorporating CR Key Performance 
Indicators (KPI’s) was one of the ways to ensure managers 
KM – Fluor, CH2MHILL, Arup, AMEC and 
Parsons Brinckerhoff and SNC Lavalin (I am also 
aware of AECOM doing this). 
Leadership – Mott McDonald, WSP, Arup, 
Mouchel, Parsons Brinckerhoff and Amec. 
Inductions-CH2MHILL, Mott McDonald, WSP 
and AMEC. 
AMEC is listed on the Dow Jones, AECOM 
intend to be. 
WSP, Mouchel and RPS are listed on the FTSE4 
Good 
CH2MHILL, ATKINS, Mott McDonald, Arup, 
Mouchel, Parsons Brinkerhoff, WSP and AMEC. 
Arup provides a clear single page while 
CH2MHILL provide a good summary on 
progress. 
This accusation is pertinent to our major UK 
clients as a number have stated policies and 
implementation plans, but with no means for the 
reader to consider performance against these. 


developed a better understanding of the relevance of CR to the 
company and day to day work, while Ferguson (2009) provided 
insight into how implementing robust targets and measures 
improves CR performance and competitive advantage. 
Carbon was discussed by 14 firms with 11 companies (2 USA, 3 
international and 6 UK) reporting under the Carbon Disclosure 
Project (CDP), but only eight of the 20 discussed wishing to reduce 
CO2
 
 and only four (25%) published reduction targets. This is 
compared to findings of Craib and PWC (2009) who found 87% of 
companies reported greenhouse gas emissions, with 68% of 
European, Australian and Japanese companies publishing targets. 
Social accountability 
Ten of the companies had clearly stated volunteer programmes in 
place, split evenly across nationalities. Only three had matched 
staff giving schemes and eight reported clearly on their charitable 
donations, ranging in value from $101k - $7m. The sums donated 
by US-based firms were of the order of ten times the size of those 
given by the UK firms. Philanthropy is often not considered an 
important part of CR in Europe as it is not part of a business’s 
operations (Frynas, 2009), but can be an important way for 
companies to integrate, especially if they develop relationships 
with organisations who can benefit from the skills the company has 
or is located in the community in which the organisation operates. 
Five companies (2 USA/3 UK) have implemented wellbeing 
policies for staff, while eight had zero harm policies. Health and 
safety was a strong theme in the majority of the reports, which is 
not surprising given the nature of the industry and focus that has 
been given to improving the safety of construction work. This was 
the most frequently reported data that included actual figures, 
showing that firms were comfortable to discuss the issue and had 
systems in place to monitor performance. 
Stakeholder identification and engagement 
While nearly all firms mentioned stakeholders, (the most common 
being client, employee, communities and shareholders), only 10% 
mapped them and just one provided a clear outline of the dialogue 
employed to address each stakeholder and their materiality (the 
process of identifying the issues over which the firm has influence). 
This does not align with Craibs and PWC’s (2009) findings that 
48% of European, Australian and Japanese firms and 24% of US 
firms explain materiality, with 76% describing the specific 
engagement methods used and 33% outlining the findings from the 
dialogue. None of the consultants considered produced a 
materiality index such as those highlighted by AccountAbility 
(2006). These are considered to be best practice and illustrate the 
importance of issues raised from dialogue for both the 
stakeholders and the organisation, showing areas most in need of 
attention. 
Risk was covered by 25% of companies, albeit very briefly (generic 
statements on recognising risk) by all but one, this compares with 
66% who reported in Craibs and PWC (2009) study. Interestingly, 
the exception was the only company to discuss it had engaged 
CDP – Jacobs, Fluor, Atkins, WSP, Arup, 
Mouchel, RPS, AMEC, Fugro, Worley Parsons, 
SNC-Lavalin. 
 
 
Jacobs, Mott McDonald, Mouchel, Parsons 
Brinckenhoff and Amec wellbeing programs and 
Jacobs, Fluor, URS, Shaw Group, CH2MHILL, 
PB, AMEC, Bechtel and Worley Parsons have 
Zero Harm targets. 
Flour and Mouchel outlined stakeholders. 
Mouchel provided dialogue diagram. 
Examples of materiality matrix: 
http://corporateresponsibility2010.unitedutilities.c
om/documents/Materiality_Matrix.pdf 
http://www.sapsustainabilityreport.com/feedback/
materiality-matrix 
 
Fluor, WSP, Parsons Brinkerhoff AMEC and Mott 
McDonald. 
AMEC engaged with SRI community. 
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with the SRI (Socially Responsible Investment) community. This 
community seeks to invest in ways to maximise economic and 
social outcomes and represents 7% (by value $7 trillion) of the 
global financial market and growing (Bitman and Fargo, 2009). The 
company concerned was asked to be more detailed in their 
disclosure of risk in their CR report; they took this on board and 
then provided the most comprehensive disclosure of all the 
reports, showing the positive impact of two-way dialogue. 
The voluntary nature of reporting means negative aspects are 
often not reported; only six reports commented on negative 
impacts such as fraud, environmental incidents and health and 
safety incidents. These were all extremely brief, typically a 
paragraph focussing on a specific incident. Transparency is one of 
the most discussed topics in CR and, for reports to be considered 
more than PR exercises, it is essential that companies highlight not 
only the good, but also areas of concern and in need of 
improvement. This will allow readers to get a more rounded view of 
the company’s performance, similar to that achieved regarding 
financial reporting and liabilities. 
 
DISCUSSION AND RECOMMENDATIONS 
Having considered the reports in detail and with reference to 
salient literature, we now develop a series of recommendations to 
help consulting engineering firms engage with CR.   
At present reporting is predominantly in PDF and paper format with 
only three companies providing online customisation, which is 
being seen as the way forward in best practice. This allows 
reporting online to be formatted and put together in a way that is 
suitable for the reader because at present the intended audience is 
not always clear. Inclusion of a single page ‘dash board’ on 
performance would also be beneficial, as well as use of alternative 
media and inclusion for greater dialogue with stakeholders. 
Companies should recognise when working across territories that 
readers in India might have very different interests from those in 
America or Latin America, while investors will require different 
information from clients or local communities. Therefore it is 
important that the information is comprehensive and relevant, but 
provided in a format that allows it to be optimised by the reader. 
While companies are reporting on carbon, there is no consensus 
on the reported indicators, making it hard to perform comparisons. 
It being commonly normalised, variously, by employees, turnover, 
or area. Companies should provide total amounts as well as 
publish year on year progress allowing the reader to better 
understand overall performance, targets and if they are being met. 
Companies would do well to look to reporting on waste and water 
in a similar manner to current disclosures on carbon and energy as 
this would provide a more holistic view of the company’s 
environmental impacts. 
A vast amount has been published on the importance of dialogue 
and good engagement, and while most of the companies claim to 
be engaging at present they only name a small core of 
Fluor, Mott McDonald, WSP, Parsons 
Brinkerhoff, AMEC and SNC Lavalin 
These recommendations are general industry 
ones rather than Jacobs specific. The 
commentary provided provides some discussion 
about implementation. 
Examples: 
http://www.pbworld.com/sustainability/ 
http://www.centrica.com/index.asp?pageid=322 
http://cr.aviva.com/index.asp?pageid=1 
http://www.sustainability2009.bayer.com/ 
http://www.report.basf.com/2009/en/servicepage
s/welcome.html 
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stakeholders. This lacks detail on engagement methods and 
feedback, possibly hindering the full benefit of the engagement. It 
is also unclear what processes are being used to establish 
materiality and in which areas. Consultants could learn from the 
leading companies in other sectors, such as mining, oil and gas, 
chemical and pharmaceutical who, by the nature of their industries 
and media attention, have been early adopters of stakeholder 
dialogue techniques.  
They could also look to expand their dialogue with NGO’s. While 
many look to engage through philanthropy, only a couple are 
building relationships with NGO’s and using these to receive 
feedback and leverage competitive advantage based on CR 
through reduced risk and enhanced reputation. Lack of alignment, 
via charity and volunteer actions with the direction of the business, 
means that consequently they are not looking to help local 
communities or charities that could utilise the firm’s knowledge. It 
is also important that companies don’t claim individual staff actions 
that sit outside of the company’s policies as part of their CR 
progress; this can misrepresent their genuine contribution. 
Two of the most important themes in good CR and receiving ever 
greater attention are the role of accountability and transparency. At 
present the majority of the firms in this study are in the infancy of 
the journey to improving both of these but there is a long way to 
go. For CR to make the greatest impact it is essential that firms 
provide stakeholders with more detailed disclosures relating to the 
way the organisation is addressing CR issues throughout its 
operations. To help with this a wide variety of standards and 
guidance exist, such as those by GRI, AccountAbility, WBCSD and 
ISO. Companies should look to adopt these templates to ensure a 
comprehensive range of subjects are covered ensuring the 
maximum impact of CR implementation and allowing readers to 
better compare performance on a range of issues between firms. 
Third party verification will also have a role to play, allowing firms 
to receive feedback on their programmes and reporting. This 
provides stakeholders with a degree of certainty that the content is 
accurate, as well as highlighting weaknesses and helping 
investors, clients and other stakeholders to make better informed 
choices. 
While a few companies have looked to allocate responsibility for 
CR at board level, this should be adopted more widely as it has 
been shown that the higher the level of support and more frequent 
the presentation of CR issues to board level members, the more 
successful the implementation. Consultancies can also look to 
better integrate CR across the organisation and into public 
relations, communications, marketing and HR functions within the 
business. HR in particular can be beneficial for allowing greater 
development of employee training and awareness, providing 
incentives and revising reward schemes, linking CR performance 
with remuneration and empowering employees to engage with all 
stakeholders. 
Along with the voluntary frameworks that have been developed to 
assist in reporting good CR, a number of academic and practitioner 
developed phase change models have been developed to show 
Useful organisations: 
GRI 
http://www.globalreporting.org/Home 
 
Global Compact 
http://www.unglobalcompact.org/ 
 
AccountAbility 
http://www.accountability.org/ 
 
ISO26000 
http://www.iso.org/iso/catalogue_detail?csnumbe
r=42546 
 
World Business Council on Sustainable 
Development 
http://www.wbcsd.org/templates/TemplateWBCS
D5/layout.asp?MenuID=1 
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the transition companies go through while adopting CR. Some of 
these models have been summarised and consolidated by Maon et 
al (2010), as seen in Table 1.  
INSERT TABLE 1 
Recognising these stages, as well as their current positions on a 
variety of issues set out in the framework they developed, would 
allow consultancies to benchmark their current position and utilise 
a phase change model, such as that developed by Maon et al 
(2008). This consolidates existing literature and practice to identify 
nine steps that will assist an organisation in implementing a CR 
policy, these being: 
1. Raise CSR awareness inside the organisation 
2. Assess corporate purpose in its societal context 
a. Identify key stakeholders and critical issues 
3. Establish a vision and a working definition for CSR 
4. Assess current CSR status 
a. Benchmark competitors’ CSR practices and CSR 
norms and standards 
5. Develop a CSR-integrated strategic plan 
6. Implement the CSR integrated strategic plan 
7. Communication about CSR commitments and 
performance 
8. Evaluate CSR integrated strategies and communication 
9. Institutionalise CSR 
This change model provides a robust framework for consultancies 
to change their current CSR paradigm when supplemented with 
the work of Bertels et al (2010); which provides an extensive 
resource of the current tools and change methods that can be 
utilised to embed sustainability in organisations along with 
supporting examples or empirical evidence for the impact of each 
initiative or procedure. They identified 13,756 pieces of literature 
relevant to embedding sustainability, before narrowing it down to 
96 highly relevant sources and allowing them to construct a tool to 
identify the most suitable methods for fostering commitment, 
clarifying expectations, building momentum for change and 
instilling capacity for change, identifying methods and resources 
for each case. 
 
CONCLUSION 
It is clear from the existing literature that CR will be a major issue 
for business in the coming years, representing a phase change in 
business practice as movements such as health and safety, quality 
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management and IT did in previous decades. The benefits to 
business are wide ranging and diverse, with many companies 
beginning to see results. It is also clear that construction and 
engineering projects are often high impact with large demands on 
resources and communities; CR provides a mindset to help 
consider and minimise these impacts and if well implemented, 
leads to increased staff awareness, lower impacts and better 
alignment with stakeholders in all elements of work, increasing 
overall company value. 
It is clear from the research that CR reporting and implementation 
in consultants is generally lagging behind other sectors and this 
has been found to be true in general for the wider construction 
industry. There is a clear difference between European and US-
based firms on the use of integrated reporting, but the American 
firms appeared to make much larger charitable donations. 
Whilst it is obvious from the research that sustainability is now a 
topic of importance for nearly all the companies in the study the 
current levels of discussion are remarkably varied. Even in this 
small sample, this ranges from no acknowledgement, to a 
company making use of many reporting best practices and leading 
the way on such reporting in both the USA and Europe. 
At present it is clear that environmental issues remain the most 
well understood and discussed within these CR reports, with the 
majority of companies publishing an environmental statement. 
Social issues that focus on employee welfare and diversity issues 
are very common; although communities is a commonly discussed 
term in the reports, at present there seems no clear consensus on 
what this involves or how to measure or report it. Economic issues 
appear the least well understood with the least focus and dialogue, 
perhaps because firms feel this is addressed better in annual 
reports. 
The general CR themes found within company literature were very 
much in line with those found by Brown et al (2009) and it is 
interesting that the focus that carbon has obtained perhaps 
because it is perceived as a current “hot topic” as well as an area 
for financial saving, with common initiatives reported revolving 
around energy efficiency measures in offices. 
The quality of CR reporting was also called into question with 
some criticisms around the veracity of some firms’ stakeholder 
engagement statements; there is a clear opportunity for 
consultants to improve their approach and document it carefully. 
This research has also reiterated the importance of using robust 
reporting standards for accuracy and comparability.  
Finally some recommendations have been made on how 
consultants can look to broaden and deepen their current CR 
practices including many emerging best practices from other 
sectors and emphasised the importance of transparency and 
accountability for good CR to be effective. 
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Table 1 - CSR organisation development stages (Maon et al, 
2010) 
CSR cultural phase Stage of CSR 
development 
CSR view and prominence in organisational 
culture 
CSR CULTURAL 
RELECUTANCE 
1.Dismissing ‘Winning at any cost perspective’/ None 
2.Self-protecting ‘Reputation & Philanthropy perspective’/ CSR as 
marginal 
3.Compliance 
seeking 
‘Requirements perspective’/ CSR as worthy 
interest 
CSR CULTURAL 
GRASP 
4.Capability 
seeking 
‘Stakeholder management perspective’/ CSR as 
influential 
5. Caring ‘Stakeholder dialogue perspective’/ CSR as 
embodied 
6. Strategizing ‘Sustainability perspective’/ CSR as prevailing 
CSR CULTURAL 
EMBEDMENT 
7. Transforming ‘Change the game perspective’/ CSR as ingrained 

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Taken from Verdantix, September 2010 ( http://tinyurl.com/4l8rlno ) 
 
This report produced by Verdantix looked at the positioning of US engineering firms on sustainability based on 
their capabilities as well as opinions from customer organisations who commission sustainable projects across 
six industries in the US. Its recommendations for companies in Jacobs quadrant are: 
• Innovate beyond traditional expertise to gain differentiation 
• Develop an internal sustainability program 
• Increase marketing of sustainable services. 
• Increase stakeholder engagement. 
• Increase transparency. 
 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
engineering consultancy 
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APPENDIX J BEST PRACTICE TEMPLATE 
MSP X: Sustainability and Innovation best practices 
Project Name: Idea Number: 
Project Number: 
Project Manager: Originator: 
Idea Name: 
Brief description of sustainability best practice, technical challenges, client satisfaction etc. (less than 
250 words): 
 
 
 
 
 
Has a Sustainability+ saving been recorded, 
Y/N? 
Has a Value+saving been recorded, Y/N? 
Did it relate to(please underline as many as appropriate): 
Land Use                                     Ecology/Biodiversity                                   Historic Culture 
Water                                          Energy/Carbon                                             Material Use 
Waste                                          Transport                                                      Community 
Health and Safety                     Stakeholders                                                 Labour issues 
Other (Please detail) 
What was the total value of saving? (Relevant measures might be tonnes, £, hours) 
 
Is there a website where related information can be found: 
 
Contact details for further information: 
Signed:                                                                                Date: 
 Best practice knowledge document 
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Considering carbon for Sustainability+ and in design 
This papers provides an overview of the how to consider carbon within design to 
help minimise the carbon impact of our projects, with guidance on how to 
undertake basic assessments and where to find additional assistance. 
 
If you are looking for how to upload and submit a carbon related Sustainability+ 
please see: 
Guidance Note: Jacobs Sustainability+ User Guide  
 
If you are looking for more information on how to consider sustainability refer to: 
UK staff: 
Guidance Note: Environmental and Social Considerations on a Project  
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1. Overview of possible carbon consideration in project delivery 
JSTEP 
Phase 
Phase 1 
Feasibility 
Phase 2 
Conceptual 
Phase 3 
Prelim 
engineering 
Phase 4 
Detailed 
design 
Phase 5 
Construction 
Phase 6 
Start-up 
Phase 7 
Close out 
Issues to 
consider 
Investigate does 
the client have 
overarching 
climate change/ 
carbon reduction 
commitments? Do 
they translate to 
project delivery? 
If not do they 
need assistance 
with this? 
 
Understand if 
project be subject 
to regulatory 
carbon targets? 
 
Begin the 
conversation with 
the client around 
carbon/ climate 
change pre-bid, 
do they see it as 
added value? 
 
Consider asking 
the client at the 
client expectation 
survey about this 
topic. 
Identify climate 
change/ carbon 
related risks and 
liabilities to the 
project. 
 
Establish where 
potential 
sustainability+ 
savings might be 
found. 
 
Determine client, 
government, 
regulatory carbon 
requirements and 
communicate 
these to the project 
team. 
 
Ensure carbon 
reduction is written 
in to the program if 
it is to be 
considered. 
 
Identify if any 
financial incentives 
or compulsory 
schemes for 
carbon emissions 
will impact the 
project. 
 
Appoint a team 
member to be 
responsible for 
carbon and Sust+ 
 
Identify 
opportunities for 
the inclusion of low 
carbon 
technologies/ 
renewables 
 
 
Establish how any 
certification 
requirements i.e 
LEED, 
CEEQUAL, 
BREEAM, 
Estimdama 
related to carbon 
need to be 
embedded in the 
project 
 
Establish what 
existing items can 
be retained/ 
repurposed on 
site to minimise 
need for 
demolition and 
waste 
 
Conduct carbon 
optioneering of 
major elements to 
assist in choosing 
options to take 
forwards – apply 
20/80 rule  
 
Engage with 
waste 
management 
professionals to 
look at 
opportunities for 
waste reduction, 
materials reuse, 
inclusion of 
relevant targets to 
minimise carbon 
from waste and 
materials 
 
Consider the likely 
climate impacts 
that the project is 
likely to have over 
its entire lifetime  
 
Consider 
durability and 
maintenance to 
identify solutions 
that will ensure 
lower whole-life 
emissions 
 
Identify 
opportunities for 
enhancement on 
site related to 
carbon 
sequestration and 
climate adaptation 
e.g. trees, SUDs, 
green 
infrastructure 
Consider the use 
of carbon costing 
to allow for 
inclusion of carbon 
costs within Cost 
Benefit Analysis. 
 
Incorporate carbon 
assessment into 
the value 
engineering 
process, to ensure 
that maximum 
gains are being 
realised. 
 
Consider use of 
energy modelling 
to maximise 
savings in 
operational carbon. 
 
Identify the major 
sources of energy 
consumption in-
use and 
opportunities to 
reduce these 
 
Specify products 
and materials with 
a lower embodied 
carbon 
 
Look to source 
staff and materials 
from the local 
vicinity to minimise 
transport 
emissions 
 
Consider how the 
project will be 
decommissioned/ 
deconstructed to 
maximise re-use 
and minimise 
waste generation, 
energy intensive 
deconstruction 
techniques 
 
Carry out carbon 
assessment of the 
major project 
elements to identify 
where attention 
should be focussed 
 
Consider long-term 
planned 
maintenance and 
the likely carbon 
impacts and how 
this can be 
reduced 
 
Look to balance 
cut and fill etc. to 
minimise materials 
being transported 
off site 
Review tender 
documents to 
ensure that carbon 
requirements are 
embedded and 
communicated to 
all parties. 
 
Work with chosen 
contractor to 
identify where 
carbon savings can 
be found regarding 
materials, waste 
management, 
water use, 
transportation, site 
and plant energy 
sources etc. 
 
Set targets with 
contractor for site, 
plant and logistics 
related emissions. 
 
Discuss with 
contractor, 
providing tool box 
talks for staff and 
sub-contractors 
around low-carbon 
practices on site 
Raise awareness 
of carbon savings 
made with client 
 
Ensure that owner/ 
operator is aware 
of how to operate 
project to minimise 
carbon impacts  
 
 
Record 
Sustainability+ 
savings, get client 
sign-off and submit 
on system 
 
Identify and record 
lessons learnt 
regarding carbon. 
Parties 
involved 
 
 
Opportunity 
to reduce 
carbon 
 
 
 
 
Asset owner/ operator 
Consultants and designers 
 
Contractor and supplier 
 
 
 
 
 
 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
engineering consultancy 
266 
Understanding carbon footprints 
Embodied carbon is an area that is becoming under increasing scrutiny and 
which is only likely to increase in the coming years1 driven by Government and 
EU’s long term commitment to cut CO2. Embodied carbon or embedded carbon 
as it is sometimes called represents the carbon associated with the energy 
expended in the extraction, refining, processing and transport of a material or 
item. It can also include the energy relating to its installation. This is as opposed 
to operational carbon, which is the carbon associated with the operation of a 
building, plant or piece of infrastructure over its lifetime, typically from energy 
consumption.  
 
It is expected that as projects become increasing well designed with regards to 
operational energy efficiency, so embodied energy will receive greater focus to 
allow for continued reductions in whole life carbon. Across a projects whole life, 
embodied carbon can also be accounted for during maintenance/replacements 
and at end of life. While it isn’t obviously apparent what benefits considering this 
carbon might achieve, it is worth noting that steel and concrete account for 
roughly 15% of the worlds greenhouse gas emissions, roughly equivalent to the 
emissions from the world’s transport sector, with two thirds of concrete and steel 
used in construction. 
 
Over the last year, within Jacobs we have calculated embodied carbon for rail, 
highways and water schemes for a variety of reasons including increasing client 
awareness, planning and regulatory requirements. This is only likely to increase 
across projects with UK bodies like RICS, IMechE and the ICE, as well as US 
bodies like the ASCE, all calling for engineers to give carbon a greater focus. In 
the recent ICE report ‘Building a sustainable future’2, six principles are set out 
which include a greater focus on embodied and operational carbon at the options 
appraisal stage to inform design and the application of carbon pricing. 
 
One of the barriers to the consideration of embodied carbon had been lack of 
guidance and good-quality data but this is rapidly changing and it is this that 
increases the likely hood of embodied carbon becoming legislated alongside 
operational carbon which already is under schemes such the EU-ETS and CRC 
in Europe and the UK respectively. The building sector has been leading the way 
with embodied carbon reduction in design as it has across the range of 
sustainability issues in construction and this is likely to be the case with the 
introduction of BIM on all Government schemes by 2016 due to the BIM model 
being able to associate carbon information with the materials selected as well as 
the introduction in 2011 of BS EN 15978 (Sustainability of construction works – 
Assessment of environmental performance of buildings – Calculation method).  
 
 
                                                 
1
 http://www.bis.gov.uk/assets/BISCore/business-sectors/docs/l/11-976-low-carbon-construction-action-plan.pdf 
2
 http://www.ice.org.uk/getattachment/75ab26c8-fc21-40ef-a0d8-548dae834144/ICE-low-carbon-infrastructure-
trajectory---2050.aspx 
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An overview of the terminology associated with embodied carbon can be seen 
below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The terms CapCarb and OpCarb for embodied and operational carbon 
respectively have begun to be used. It is also referred to ‘direct’ and ‘indirect’ 
which are terms taken from the Greenhouse Gas Protocol, which spits carbon 
into Scope 1, 2 and 3. Scope 3, ‘indirect’ is embodied carbon as shown below: 
Cradle to gate Gate to site Construction 
to grave 
Site to  
construction 
Extraction 
Refining 
Manufacture 
 
Transport to 
manufacturer, 
supplier and site 
 
Plant, labour, 
welfare facilities 
and waste 
 
Maintenance 
Demolition 
 
Cradle to site 
Cradle to construction 
Cradle to grave 
 
Cradle to cradle 
Recycle items for 
reuse 
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Figure 6-15 – Boundary of potential items to include within a project footprint 
 
Developed from: 
UKWIR, (2012). A Framework for Accounting for Embodied Carbon in Water Industry 
Assets (12/CL/01/15). UKWIR. ISBN:1 84057 644 8 
Jowitt, P., Johnson, A., Moir, S., and Greenfell, R. (2012). A protocol for carbon 
emissions accounting in infrastructure decisions. Proceedings of the 
Institution of Civil Engineers. Vol.165 (2). 
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Process emissions 
On site fuel combustion 
Purchased heat, steam and 
cooling 
 
Fugitive emissions 
Purchased electricity 
Waste disposal 
Land emissions 
Goods and services 
 
Design and consultant 
consumed energy 
 
Business travel 
Project Boundary 
 
Construction materials 
Off-site fabrication 
Recycling 
Material transport 
Staff offsite Factories and depots Labour offsite 
Use of equipment and plant 
 
Other items outside of projects control or justified as insignificant 
Refurbishment and 
maintenance materials 
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The typical unit used is CO2 or CO2e which refers to carbon dioxide equivalents. 
This means that other green house gases (GHG) have been taken into account 
and converted to their carbon dioxide equivalent, so that a single unit can be 
used.  For example, Nitrous Oxide has a GWP of 298, this means that 1kg of 
Nitrous Oxide is equivalent to 298kg of Carbon dioxide. Summary of GHG 
equivalents: 
 
 
 
 
 
 
 
 
T
h
e
s
e
T 
 
These six greenhouse gases are those recognised under the Kyoto Protocol. 
When people refer to carbon as it relates to carbon reduction and climate 
change, it is most often referring to this group of gases and the use of CO2e. 
Every material or fuel has its own CO2e factor per kg of material or kWh of 
energy; it is using these factors that allows us to calculate a carbon footprint for a 
project, typically in the units kgCO2e or tCO2e. 
 
When looking to undertake a footprint, whether to record a Sustainability+ saving 
or to optioneer a design for reduced carbon, there are a number of things that 
must be considered, these should be defined clearly for any footprint undertaken 
and include: 
Boundary and Scope – The boundary defines the items that are to be 
included in any assessment along with any items to be excluded. It is not 
always clear cut where to draw the boundary around what to include with 
factors for consideration including availability of data, degree of influence 
or control over the source or the relative scale of its impact. As a rule of 
thumb include those emissions which are perceived to be significant, will 
influence the decision between choosing alternatives and/ or where they 
can be managed to influence reductions (Jowitt et al, 2012). It is always 
advisable where possible to capture whole life emissions. 
Transparency - Data should be recorded on what sources were being used, 
what the boundary is, where factors came from and any methodology 
issues to ensure that anyone reviewing the calculations has a clear 
understanding of what they are assessing. 
Phases – It is important to clearly detail what phases of any calculations are 
being assessed, whether whole life, cradle to gate, gate to site etc. so 
that any comparisons between other alternatives can be judged over the 
same span. 
Greenhouse gas GWP over 100 
years 
Typical sources 
Carbon dioxide 
(CO2) 
1 Energy combustion 
Methane (CH4) 25 Decomposition 
Nitrous oxide 
(N2O) 
298 Fertilizers, car emissions, 
manufacturing 
Sulfur hexaflroride 
(SF6) 
22,800 Switch gear, substations 
Perfluorocarbon 
(PFC) 
7,390 – 12,200 Aluminium smelting 
Hydrofluorocarbon 
(HFC) 
124-14,800 Refrigerants, industrial gases 
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Undertaking a footprint 
This section outlines the basics to undertake a simple assessment for a single 
issue such as: 
Footprinting the embodied carbon of a material 
Footprinting operational emissions 
Footprinting travel emissions 
 
A list of general resources can be found in Section 3 that include sources of 
carbon factors, calculators and guidance. 
 
In all cases it is important to clearly record where information has been sourced, 
why it was chosen and what you believe the scope of the calculation to be.  
 
Embodied carbon or Capital Carbon 
As discussed embodied carbon relates to the emissions associated with the 
production and construction of an item, typically at the construction or 
maintenance phase. 
 
Data needed: Quantity of material/ item/ number of units 
   Information relating to specification i.e. material, density etc. 
   Origin of material 
   Transport method 
 
If this is for a UK construction scheme, in the first instance attempt to use the EA 
Carbon Calculator. 
 
The EA Carbon calculator was developed by Jacobs and provides a easy to use 
tool for assessing carbon impact. It includes the most common construction 
materials, waste types and includes transport information, the link also takes you 
to Jacobs produced case studies on the benefits the tool has brought the EA. 
The calculator has been well received and is widely used by construction 
companies. 
 
Using the EA calculator will allow you to enter information for common 
construction materials and will allow you to produce a footprint in kgCO2e. The 
information you typically need relates to quantities in kg, litres, m3 etc. It will also 
allow you to enter your own items and materials if they are not listed and you 
have a carbon factor. 
 
If outside the UK or for a non-construction item, the following sum is required: 
 
Footprint= (Quantity of material x  carbon factor)+(distance travelled x transport 
carbon factor) 
 
It is important to ensure that units are consistent so consider: 
Material carbon factor units match those with the quantity unit i.e kgCO2e, 
tCO2e, CO2e per unit 
Distance is the same unit as the transport carbon factor i.e per km, per mile, per 
litre. 
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As long as the units match, it is possible to add together multiple items to get a 
total impact for a project, such as: 
   
Steel  Rebar + Concrete + Masonry = Steel kgCO2e + Concrete kgCO2e + 
Masonry kgCO2e 
 
provided all have been calculated as above. If for any reason items aren’t 
consistent, for example steel and concrete include transport but masonry 
doesn’t, it is important to record this clearly so it’s obvious that it isn’t a total 
footprint or consider removing transport all together if comparisons with 
alternatives are to be made. 
 
The same process can be used for calculating waste emissions provided the 
type of waste is known, the transport method and the final destination. 
 
In the UK in the first instance either the EA Carbon Calculator previously 
described can be used and further information found in WRAP guidance on 
embodied carbon.  
 
Sources of carbon factors for waste are produced by Defra .and are updated 
annually, so it is important to check that the latest figures are being used. Waste 
factors are listed in Annex 14, Table 14b which lists a variety of waste types and 
disposal methods including recycling, energy recovery, composting and landfill. It 
is important to take into account the transport of any waste as part of the 
calculations. 
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Example of embodied carbon assessment for a pipe main laid in a road: 
 
On the left is a typical cross section for the reinstatement of a 
pipe in a road. The steps to be undertaken in calculating an 
embodied footprint are: 
 
Establish an inventory of the process to be undertaken including 
the material types, plant and transport information to be used. 
 
Materials: 
Surface course 
Binder course 
Road base 
Sub base 
Back fill 
Surround 
Ductile iron pipe 
 
Plant: 
Excavator 
Compactor 
 
Materials transported by HGV, 20km 
 
Knowing this information it is now possible to calculate the input 
data we need, typically: 
 
Materials – Volume (m3) x Density 
(kg/ m3) = mass (kg) 
Plant – Fuel consumption (l/hr) x 
time in use (hours) = litres (l) 
Transport – Engine size and fuel type 
 
It is now possible to either enter the data in the EA carbon calculator or source 
carbon factors, from the resources list in Section 3. 
 
Item Quantity Carbon factor Embodied Carbon 
Surface course Mass (kg) X kg/CO2e/kg = kg CO2e 
Binder course Mass (kg) X kg/CO2e/kg = kg CO2e 
Road base Mass (kg) X kg/CO2e/kg = kg CO2e 
Sub base Mass (kg) X kg/CO2e/kg = kg CO2e 
Back fill Mass (kg) X kg/CO2e/kg = kg CO2e 
Surround Mass (kg) X kg/CO2e/kg = kg CO2e 
Ductile iron 
pipe 
Mass (kg) X kg/CO2e/kg = kg CO2e 
Excavator Volume (l) X kg/CO2e/l = kg CO2e 
Compactor Volume (l) X kg/CO2e/l = kg CO2e 
Transport Distance (km) X kg/CO2e/km = kg CO2e 
    
Footprint for 
reinstating a 
pipe 
 Sum of above =  kg CO2e 
Figure 6-16 - Typical cross 
section, Practical Guide to 
Street Works, DfT (2006) 
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Other issues to consider 
The majority of data sources provide carbon factors as cradle to gate, using 
these factors allows for comparing the impact of different materials but ignores 
issues such as durability and maintenance, so where possible it is always more 
accurate to consider additional sources of emissions over the items whole life. 
 
When calculating the quantity of materials used, it is important to consider any 
wastage which won’t be included in quantities taken off from drawings but might 
be as high as 5-10% of the quantity by material. Where unsure of wastage rates, 
try to obtain the data from contractors or talk to our waste team. 
 
Where using carbon data supplied by manufacturers or suppliers, which is 
becoming increasingly popular, it is important to establish if the factor is 
comparable with other factors being used. Questions to ask: 
Is the factor CO2 or CO2e 
Is it cradle to gate? Cradle to cradle?  
Are the units comparable? 
 
Unfortunately we are often asked to undertake carbon assessments after the 
design has been completed or in some case post-construction. While this helps 
develop understanding of high impact materials and processes it limits the 
potential we have to assist our engineers in understanding which areas 
represent hotspots to receive more attention and limiting any reduction potential. 
While there is no mandatory pricing of embodied carbon at present, clients are 
still finding savings for taking into account embodied carbon through lean design, 
specifying for off-site fabrication and re-thinking transport and handling. 
From our experience in undertaking carbon assessments to date: 
Concrete, steel, aluminium and transport of aggregates are typically the 
largest impacts 
The use of cement substitutes can make significant reductions in CO2 
The biggest reductions come from designing out items and materials 
Maximising recycled materials or materials with a high recycled content can 
lead to significant CO2 reductions 
Look to source materials locally to reduce transport 
Consider how materials are transported i.e road, rail, water 
Generally the simpler an item is to manufacture, the lower its impact 
Designing in living elements can assist with sequestering (storing) carbon as 
they grow 
Select materials with high durability, minimising maintenance requirements 
Work with the waste team to design out waste and minimise waste to landfill 
which all contributes to CO2 emissions. 
Engage the contractor earlier to begin a conversation about lower emission 
plant and minimising plant movements (Generally large contractors are 
leading on carbon reduction) 
 
Issues for consideration: 
Balancing durability versus maintenance savings; 
Balancing reduced embodied carbon creating increased operational carbon, 
particularly pertinent to buildings regarding thermal mass and insulation; 
Balancing embodied impacts now against lifetime operational impacts from a 
future de-carbonised grid; 
The use of offsets doesn’t mean reduced carbon shouldn’t be attempted first, 
as the offsets could be used against other emissions. 
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Operational carbon 
Operational carbon relating to the emissions from ongoing activities, typically 
relates to energy used, chemical consumption or waste production. It is 
calculated in a similar manner to embodied carbon making use of carbon factors 
and detailed information relating to consumption.  
 
When calculating energy relating to energy use, it is important to ensure that the 
appropriate factors for the region are being used. Energy factors vary greatly 
country to country, dependent on where the fuel source has been transported 
from, the mix of fuel used in that country to generate energy and the technology 
being used in that country for generation and combustion. Energy figures can 
also vary year to year, so it is important to make sure that the most appropriate 
figures are being used. 
 
In the UK, it is advised to use the following: 
 
Historical energy use, including historical international electricity figures – Defra 
2012 Conversion factors for company reporting 
 
Proposed electricity, petrol and diesel carbon factors until 2100, Tables 1 and 
2b– DECC and HM Treasury Appraisal Guidance  
 
Operational energy and emissions are often considered as part of the design 
process and planning process to meet regulatory requirements, possible sources 
of data for inclusion in a broader footprint include: 
SBEM model 
SAP calculations 
TUBA, COBA or SATURN transport models 
DMRB emissions calculations 
 
Note: Where these tools output results in Carbon (C)it is possible to convert it 
to CO2 by multiplying by 3.67 or 44/12. 
 
Travel carbon 
Travel related carbon typically relates to personal travel and can be used to 
capture savings associated with using trains rather than flying, teleconferencing 
rather than travelling to meetings or carrying out lift share etc. 
 
For Sustainability + it is possible to use a simple tool such as 
http://www.transportdirect.info which allows for simple carbon calculations when 
journey planning. The link to carbon emissions can be found: 
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These figures make use of DEFRA and DfT agreed carbon factors and 
assumptions. More detail of the assumptions can be found here: 
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http://www.transportdirect.info/Web2/staticnoprint.aspx?id=_web2_help_helpcar
bon 
 
For more detailed calculations, complicated journeys or those wishing to use a 
greater degree of accurary, it is possible to use Defra carbon factors provided in 
Annex 6. These factors can be used for either per litre or per km/mile 
calculations, provided the transport type is known, a wide selection of private and 
public vehicle types are listed including: 
Various cars including petrol, diesel, hybrid, CNG and LPG 
Taxis 
Buses 
Trains 
Vans 
Planes 
London underground 
Ferry 
Motorbikes 
International travel modes 
 
Typically when using these figures the factor listed as ‘Total Direct GHG’ under 
Scope 1 or Scope 3 is used as shown : 
 
It is a simple case of selecting the appropriate vehicle and corresponding factor 
from the column highlighted and multiplying by the appropriate unit, in the 
example above miles or km’s, this will provide a total saving kg CO2e for the trip. 
Differences in emissions from transport can be significant: 
 
Transport method kgCO2e for a 100mile return journey 
Small diesel car up to 1.4l engine 46.0 
Average Petrol car 64.9 
Class 2 diesel van, 1.3 – 1.7t 72.7 
Train 18.6 
Plane 58.1 
Table 4 - Typical emissions for a 100mile return journey 
Financial valuation of carbon 
It is possible to attach a financial valuation to carbon emissions beyond those 
associated with a cost saving in material procured or fuel burnt. In fact a large 
number of our clients already have to pay a cost associated with each tonne of 
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carbon they emit if they are based in the UK, EU or Australia. However, while 
this costing is possible, it is an area that is subject to frequent change in 
boundaries and pricing, so it is advised that if you wish to cost a carbon saving 
you contact one of the resources listed in Section 4 for the most up to date and 
appropriate information. 
 
Typical sources of emissions in construction 
A summary of green house gas life cycle impacts was produced for a variety of 
infrastructure assets based on a broad range of European wide research3 
looking at emissions reduction potential to 2050, a summary of where emissions 
come from for road, rail, aviation and pipe laying can be seen below and 
highlight the importance of considering carbon at all stages of the assets 
lifecycle. 
 
 
Figure 6-17 - Lifecycle GHG emissions for roads (Hill and Brannigan et al, 2012) 
 
 
Figure 6-18 - Lifecycle GHG emissions for rail and rail infrastructure (Hill and Brannigan 
et al, 2012) 
                                                 
3
 The role of GHG emissions from infrastructure construction, vehicle manufacturing, and ELVs in overall transport sector 
emissions, by Nikolas Hill, and Charlotte Brannigan et al, FINAL, Updated 30 April 2012 
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Figure 6-19 - Lifecycle GHG emissions for aviation (Hill and Brannigan et al, 2012) 
 
Figure 6-20 - Lifecycle GHG emissions for laying 1km of steel pipe (Hill and Brannigan et 
al, 2012) 
While it can appear that operational impacts are the most significant, the diagram 
below produced by RICS4 highlights the importance that embodied carbon will 
play in the future as energy and fuel shift to low or zero carbon sources such as 
renewables and nuclear, especially in buildings where grid supplied power is the 
major operational impact. 
 
 
Figure 6-21 - The impact of building regulations on emissions sources (RICS, 2012) 
                                                 
4
 https://consultations.rics.org/gf2.ti/f/290626/6783333.1/PDF/-/iConsult%20Embodied%20carbon.pdf 
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Resources 
Global 
ISO standards 14064 is the standard on Greenhouse Gas quantification, 
reporting and monitoring, while 14067 and 14069 are currently under 
development for carbon footprinting products and organisations. A summary of 
ISO standards and carbon can be found here. 
 
GHG Protocol – The Greenhouse Gas Protocol is one of the most widely used 
accounting methods for the quantification of carbon. Their website provides a 
series of guidance, tools and information on calculating green house gas 
emissions across a broad range of sectors. 
UK 
EA Carbon calculator was developed by Jacobs and provides a easy to use 
tool for assessing carbon impact including the most common construction 
materials, the link also takes you to Jacobs produced case studies on the 
benefits the tool has brought the EA. The calculator has been well 
received and is widely used by construction companies. 
ICE database v2 – Bath University and BSRIA, available from IHS is one of 
the most frequently used sources of construction carbon factors and is 
the basis for most of the data underpinning the EA Carbon Calculator. It 
provides embodied carbon data for a broad selection of UK construction 
materials using data from a combination of academic studies and 
manufacturer data. Figures are typically cradle to gate. Provides a good 
over view of embodied carbon, issues around how to assess recycled 
materials and timber products. 
 
CESMM3 – Is a paid for book and database produced by Mott MacDonald 
and provides CO2 factors for composite activities inline with CESMM3 
specification and costing data. Data builds on a combination of Bath ICE 
data and manufacturers data. 
 
Publicly Available Standard (PAS) 2050:2011 has been developed to provide 
a consistent method for assessing the life cycle GHG emissions of goods 
and services. Life cycle GHG emissions are “the emissions that are 
released as part of the processes of creating, modifying, transporting, 
storing, using, providing, recycling or disposing of such goods and 
services”. PAS 2050:2011 life cycle assessment methodology is based 
on the British Standards BS EN ISO 14040, and BS EN ISO 14044 
 
CEN 350 is a European standard for assessing the sustainability of 
construction works. This includes a methodology on LCA for the 
production of Environmental Product Declarations (EPD) which are 
produced by manufacturers providing technical information on their 
products, including carbon information, this will be a growing source of 
carbon data in the coming years. CEN 350 is translated to the UK through 
BS15978:2011 
 
RICS Methodology to calculate embodied carbon of materials 
 
Carbon management framework for major infrastructure projects 
 
Low carbon infrastructure examples 
Investigating the multiple influences affecting sustainability in a multidisciplinary 
engineering consultancy 
280 
 
Olympic Park embodied carbon lessons learnt 
 
HA Carbon Calculator – a series of carbon calculators to support the 
assessment of carbon in HA schemes. 
 
WRAP guidance on embodied carbon 
 
WRATE - Waste and Resources Assessment Tool for the Environment is a 
commercial tool, which we have licensed users for the calculation of the 
carbon associated with the disposal of municipal waste. 
 
asPECT – is the Asphalt Embodied Carbon Tool, developed by a TRL 
consortium, it provides a free tool to allow for carbon footprinting asphalt 
related highway works. 
 
BRE Green Guide to Specification – Carbon data for over 1200 building 
construction specifications. 
 
WRAP CO2 Estimator – Developed by TRL and WRAP the tool allows for the 
assessment of bitumen bound, concrete, hydraulically bound and 
unbound construction including the specification of recycled and 
secondary aggregates. 
 
A short guide to embodied carbon in building structures – Produced by 
IStructE provides a summary of considering embodied carbon in 
structures and common issues. Available on IHS. 
 
Ireland 
Carbon factors for Ireland are available for a limited number of items here, many 
are taken from UK Defra sources and generally UK figures are used where Irish 
figures haven’t been established. 
 
US 
EPA factors are available for a variety of energy and fuel types here. 
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Global carbon resources 
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Why is carbon important? 
Carbon and legislation 
There has been a growing uptake of legislation, regulation and policy 
internationally on climate change and CO2. Although there has still been failure 
to agree an internationally binding agreement to replace Kyoto, many countries 
and territories in which Jacobs work are developing their own targets. It is 
expected however that there will be an increase in legislation in the run up to and 
in light of the 2015 target set out as part of the Durban Platform, for a post 2020 
international legally binding agreement on climate change, to which India, China 
and Brazil will be bound for the first time. A summary of targets and legislation 
globally can be seen below: 
 
Country Target Mechanism 
Australia Reduction of 5-25% by 2020 on 
2000 levels, 5% mandatory, 
remaining will be mandatory if the 
global agreement to stabilise CO2 at 
450ppm 
80% reduction by 2050 
Clean Energy Act (2011) 
Price on carbon, will be 
replaced by Emissions 
Trading Scheme in 2015 
and will link to EU-ETS by 
2018 
20% renewable by 2020 
China Reduction of CO2 by 40-45% per 
unit of GDP by 2020 compared to 
2005 and increase renewables to 
15% by 2020 
12th Five Year Plan 
(2011) 
EU 20% reduction by 2020 on 1990 
levels in CO2, increase to 30% if 
international deal struck.  20% 
renewable energy by 2020. 
The EU Climate and 
Energy package (2009) 
EU-ETS –Emissions 
trading and carbon pricing 
India Reduce emissions intensity of GDP 
by 20-25% by 2020 from 2005 
levels. 
National Action Plan on 
Climate Change 
United 
Kingdom 
CO2 reductions in line with EU 
targets, 34% on all GHG’s by 2020 
and 80% by 2050 on 1990 levels. 
15% renewable by 2020. 
Climate Change Act 
(2008) 
Carbon pricing in budget 
decisions 
United 
States 
5% by 2020 on 2005 levels with 
provision for 17% by 2020 to 
UNFCCC. 
California introduced its own targets 
of 1990 levels by 2020 and 80%by 
2050 with its own cap and trade 
scheme in 2012. 
Clean Air Act 
Table 5 - Summary of global carbon legislation 
For a more detailed review of all carbon reduction related legislation in each 
country see: 
http://www.globeinternational.org/images/climate-study/3rd_GLOBE_Report.pdf 
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Carbon and clients 
Clients due to a combination of current and expected regulations and stakeholder 
expectations are increasingly at an organisational level setting carbon and 
climate related targets. A growing number of large private organisations are also 
committing to publicly report their progress on these under schemes such as: 
Global Reporting Imitative (GRI)   International 
UN Global Compact      International 
Carbon Disclosure Project (CDP)   International 
Business In The Community    UK 
 
Clients in the UK who are listed on the FTSE stock exchange from 2013 will have 
mandatory GHG reporting requirements placed upon, while clients across the 
EU, those classed as large emitters are already having reporting requirements 
placed upon them under the EU-ETS scheme, which looks to reduce emissions 
over time by placing a price upon carbon emissions as part of a cap and trade 
system. 
 
Many organisations however are looking at carbon and GHG reduction along with 
climate adaptation targets as strategic issues to reduce long term costs and 
exposure to risks and uncertainties. Reasons clients are considering carbon 
include: 
rising energy pricing and security 
vulnerability to extreme weather events 
potential international carbon taxation 
cost savings from reduced energy costs 
risks to supply chain 
competition risks from more efficient facilities and new technologies 
maintaining social license to operate 
completive position/ brand differentiation 
 
A report 5 published in 2012 found that: 
37% of businesses surveys see changing climate as a real and present 
danger 
81% identify climate change risks to their business operations, supply chains 
and plans 
78% are now integrating climate change into their business strategy 
 
An overview of carbon considerations a client might have and how Jacobs can 
intervene is shown below: 
 
                                                 
5
 https://www.cdproject.net/en-us/Pages/global500.aspx 
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Useful figures and conversion factors 
 
Carbon (C) to Carbon dioxide (CO2)  x3.667 or 44/12 
Carbon dioxide (CO2) to Carbon (C)  x0.273 or 12/44 
 
kilo (k) = 1,000 or 103  
mega (M) = 1,000,000 or 106  
giga (G) = 1,000,000,000 or 109  
tera (T) = 1,000,000,000,000 or 1012  
peta (P) = 1,000,000,000,000,000 or 1015 
 
Defra provide conversion factors for energy, volume, mass and length in Annex 12 
here 
 
Typical construction material wastage rates can be found here 
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